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PREFACE 

This  report  describes  the  results  of  field  investigations  on  the  ecolog¬ 
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lina.  The  study  was  conducted  by  the  Marine  Resources  Research  Institute  of 
the  South  Carolina  Wildlife  and  Marine  Resources  Department.  Funding  was 
provided  under  Work  Unit  31532  of  the  Environmental  Impact  Research  Program 
(EIRP) ,  which  is  sponsored  by  the  Office,  Chief  of  Engineers  (OCE) ,  US  Army, 
and  assigned  to  the  US  Army  Engineer  Waterways  Experiment  Station  (WES) . 
Technical  Monitors  were  Dr.  John  Bushman  and  Mr.  Earl  Eiker  of  OCE  and 
Mr.  David  Mathis,  Water  Resources  Support  Center.  Dr.  Roger  T.  Saucier  of 
the  WES  Environmental  Laboratory  (EL)  was  the  Program  Manager  of  the  EIRP. 

The  report  was  prepared  by  Dr.  Robert  F.  Van  Dolah,  Ms.  Priscilla  H. 
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Roumillat,  and  Jack  McGovern  for  their  assistance  in  the  fieldwork;  Margaret 
Lentz,  who  typed  all  drafts  of  this  report;  and  Karen  Swanson,  who  prepared 
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I.  INTRODUCTION 


In  1980,  construction  was  completed  on  a  rubble  jetty  system  designed  to 
stabilize  the  entrance  channel  at  Murrells  Inlet,  South  Carolina.  The  jetty 
rocks  also  provided  a  major  new  type  of  habitat  in  an  area  previously 
characterized  by  sandy  beaches  with  very  little  hard  substratum.  Since  the 
initiation  of  jetty  construction  in  1977,  the  US  Army  Engineer  Waterways 
Experiment  Station  (WES)  has  funded  three  phases  of  a  major  research  project 
designed  to  evaluate  the  ecological  effects  of  this  jetty  construction.  The 
first  two  phases:  (1)  evaluated  the  influence  of  jetty  construction  on  nearby 
intertidal  and  subtidal  macrobenthic  communities,  and  (2)  evaluated  the 
recruitment  and  community  development  of  biota  associated  with  the  jetty  rocks. 
Results  obtained  from  those  studies  have  provided  a  comprehensive  data  base  on 
the  biological  changes  which  occurred  over  a  five-year  period  following  jetty 
construction  (Hales  and  Calder,  1979;  Knott  et  al.,  1983,  1984;  Van  Dolah  et 
al.,  1984).  However,  the  primary  focus  of  that  research  was  directed  toward  an 
assessment  of  the  invertebrate  and  algal  communities  present,  and  only  limited 
information  was  obtained  on  the  fish  assemblages  attracted  to  the  jetties. 

Since  their  completion,  the  Murrells  Inlet  jetties  have  attracted  a  large 
number  of  sport  fishermen  who  live  or  vacation  in  the  "Grand  Strand"  area. 

These  jetties  are  particularly  attractive  as  a  recreational  fishing  site  because 
both  jetty  structures  can  be  easily  reached  with  small  boats,  and  an  asphalt 
walkway  on  the  south  jetty  makes  it  available  to  fishermen  without  boats. 
Although  Murrells  Inlet  has  always  attracted  sport  fishermen,  it  is  obvious  that 
the  jetties  have  improved  sport  fishing  opportunities  in  the  area. 

Studies  conducted  in  Florida  and  elsewhere  have  shown  that  rock  jetties  and 
other  rubble  structures  function  well  as  artificial  reef  habitat  and  improve 
angling  in  nearshore  areas  (Hastings,  1978;  Hurme,  1979;  Buckley,  1982;  Grant  et 
al.,  1982;  Bohnsack  and  Sutherland,  1985;  Burchmore  et  al . ,  1985;  Lindquist  et 
al.,  1985).  However,  detailed  information  on  the  fish  communities  associated 
with  rubble  structures  and  other  nearshore  artificial  reefs  in  South  Carolina 
has  been  lacking,  and  only  limited  information  is  available  on  how  these  fishes 
are  utilizing  the  jetty  rocks  (Van  Dolah  et  al.,  1984).  Additionally,  no 
information  has  been  available  on  the  utilization  by  sport  fishermen  of 
recreationally  important  species  at  Murrells  Inlet  and  other  rubble  jetties 
along  the  South  Carolina  coast. 

This  report  describes  the  third  phase  of  the  WES  study  at  Murrells  Inlet. 
Specific  objectives  of  this  study  phase  were  to: 

1.  analyze  the  species  composition  and  relative  abundance  of  fishes 
present  around  the  Murrells  Inlet  jetties  and  document  the  seasonal 
changes  which  occur  in  those  fish  assemblages, 

2.  assess  seasonal  variability  in  the  abundance  of  recreationally  and 
commercially  important  decapods  (Menippe  mercenaria  and  Cal linectes 
sapidus)  near  the  jetties, 

3.  determine  if  differences  exist  in  the  community  composition  and 
abundance  of  fishes  and  decapods  on  the  wave-exposed  versus  channel 
side  of  the  north  jetty, 

4.  characterize  the  food  habits  of  the  recreationally  important  fish 
species  and  the  other  fishes  associated  with  the  jetty  rocks  and 

5.  evaluate  seasonal  differences  in  recreational  fishing,  crabbing,  and 
shrimping  near  the  Murrells  Inlet  jetties. 


II.  DESCRIPTION  OF  THE  STUDY  AREA 

Murrells  Inlet  is  located  on  the  northeastern  coast  of  South  Carolina 
within  an  economically  important  tourist  area  known  as  the  Grand  Strand.  The 
inlet  is  relatively  small  and  supports  a  coastal  marsh  system  of 
approximately  721  ha.  Murrells  Inlet  is  isolated  from  inland  water  bodies 
and  the  Atlantic  Intracoastal  Waterway.  As  a  result,  salinities  in  the  area 
are  relatively  high  and  stable.  The  mean  tidal  range  at  Murrells  Inlet  is 
1.4  m  (National  Ocean  Survey,  1986). 

The  beaches  and  nearshore  sediments  in  the  vicinity  of  Murrells  Inlet 
consist  primarily  of  medium  to  fine  quartz  sand  with  varying  amounts  of  shell 
fragments  (for  additional  details,  see  Knott  et  al.  1984).  Shallow  nearshore 
hard-bottom  reef  habitat  has  been  identified  approximately  5  km  to  the 
northeast  of  the  jetties  off  Garden  City  (Van  Dolah  and  Knott,  1984)  and 
approximately  7.5  km  to  the  southwest  off  Pawleys  Island  (Parker  et  al., 
1979);  however,  no  known  reef  habitat  has  been  found  in  closer  proximity  to 
the  inlet.  Wave  energy  in  the  study  area  is  moderate  because  waters  are 
shallow  for  a  considerable  distance  offshore. 

Construction  of  the  jetties  began  in  October  1977,  and  all  work  was 
completed  by  May  1980.  The  north  jetty  extends  approximately  1020  m  into  the 
ocean  with  a  411-m  weir  section  forming  the  landward  portion  (Fig.  1).  This 
weir  is  a  portion  of  the  rock  jetty  built  to  a  much  lower  height 
(approximately  mean  low  water)  and  designed  to  allow  sand  to  pass  over  the 
weir  and  settle  into  a  dredged  deposition  basin.  The  south  jetty  extends 
1011  m  seaward.  This  jetty  has  no  weir  and  is  topped  with  an  asphalt 
walkway.  Approximate  heights  of  the  north  and  south  jetties  range  from  2.5 
to  3.5  m  above  mean  low  water  (MLW)  except  at  the  weir,  where  the  height  is 
approximately  0.7  m  above  MLW.  Crest  width  of  both  jetties  is  about  6  m,  and 
the  sides  slope  at  an  angle  of  45  deg  (lVslH).^  Granite  armor  stones  of  the 
jetties  vary  between  5.4  x  1<T  kg  and  9.1  x  10  kg,  and  individual  stone 
faces  vary  from  horizontal  to  vertical.  Much  smaller  stones  of  various  sizes 
are  present  at  the  base  of  each  jetty  to  prevent  erosion  around  the  armor 
stones. 

Since  completion  of  construction,  there  has  been  considerable  shoaling 
around  both  jetties.  At  the  present  time,  most  of  the  south  side  of  the 
south  jetty  is  completely  exposed  at  low  tide,  with  only  the  rocks  along  the 
outermost  portion  submerged  in  1  to  2  m  of  water  (Figs.  1  and  2).  The 
smaller  base  stones  along  the  entire  length  of  the  channel  side  of  this  jetty 
are  also  often  exposed  during  low-tide  periods.  The  water  is  deeper  around 
most  of  the  north  jetty  except  for  a  200-m  section  on  the  channel  side  near 
the  deposition  basin  which  is  exposed  at  low-tide  periods  (Fig.  1).  Tidal 
scouring  has  kept  the  water  depths  along  the  channel  side  of  the  north  jetty 
relatively  deep  near  the  seaward  end  (>  7  m),  but  the  exposed  side  of  this 
jetty  has  shoaled  during  the  last  five  years,  so  that  water  depths  now  range 
from  approximately  2  m  near  the  outer  portion  of  the  weir  to  approximately 
3  m  near  the  seaward  end  at  low  tide. 
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Photographs  depicting  shoals  around  the  Murrells  Inlet  jetties. 

(A)  Aerial  view  showing  buildup  of  Huntington  Beach.  This  photo¬ 
graph  was  taken  near  high  tide.  (B  and  C)  Landward  views  from 
the  end  of  the  south  jetty  at  low  tide.  Photograph  (B)  shows  the 
exposed  (Huntington  Beach)  side  and  photograph  (C)  shows  the  chan¬ 
nel  side.  Note  exposure  of  the  smaller  base  rocks  on  both  sides. 


0*. 


Ei 


III.  METHODS 


Sampling  was  conducted  around  the  north  and  south  jetties  at  three-month 
intervals  for  a  period  of  one  year.  The  quarterly  sampling  dates  were: 

Spring  April  13  -  April  26,  1985 

Summer  August  10  -  August  24,  1985 

Fall  October  20  -  November  2,  1985 

Winter  January  11  -  February  4,  1986 

Both  jetties  were  surveyed  prior  to  initial  sampling  to  determine  which 
sections  were  suitable  for  gear  deployment.  Around  the  north  jetty,  sampling 
was  restricted  to  the  offshore  portion  of  the  jetty,  extending  from  the 
seaward  end  of  the  weir  to  the  seaward  end  of  the  jetty.  Benchmarks  were 
painted  at  50-m  intervals  along  this  section  on  both  sides  of  the  jetty 
(Fig.  1)  and  were  used  for  randomly  selecting  specific  sites  to  deploy  the 
various  fishing  gears.  Shoals  precluded  sampling  along  the  weir  section  of 
the  north  jetty,  and  a  large  shoal  also  restricted  trap  deployment  on  the 
channel  side  to  the  area  between  benchmarks  1  and  7.  Because  of  shoaling,  as 
discussed  in  Section  II,  only  the  outer  portion  of  the  south  jetty  could  be 
effectively  sampled  for  fish.  No  benchmarks  were  placed  on  this  jetty  since 
only  three  sites  could  be  fished  with  appropriate  separation  between  the 
fishing  gear.  The  entire  outer  inlet  area  encompassing  both  jetties  was 
surveyed  for  recreational  fishing  activities. 


Fish  Community  Assessment 


Gill  Net  Collections:  Three  gill  nets  constructed  of  30.5-m  lengths  of 

2.44-m-deep,  sinking  monofilament  with  stretched  mesh  sizes  of  6.35  cm 
(2.5  in),  7.62  cm  (3  in),  and  10.16  cm  (4  in)  were  set  on  the  outside  of  the 
north  and  south  jetties.  The  relative  positions  of  the  three  nets  were 
randomly  selected.  Each  net  was  deployed  for  three  3-hr  set  periods  during 
every  season.  The  nets  were  spaced  approximately  100  m  apart  to  minimize 
competition  between  them.  All  nets  were  set  using  40.6-cm  tuna  floats 
attached  to  each  end  of  the  headline  and  6.8-kg  mushroom  anchors  tied  to  the 
ends  of  the  leadline.  One  end  of  each  net  was  set  among  the  submerged 
rocks.  The  boat  was  then  backed  away  from  the  jetty  at  an  acute  angle  so 
that  the  distance  of  the  outer  end  of  the  net  was  approximately  23  m  from  the 
rocks . 


Nets  were  checked  about  every  45  min,  and  fishes  were  removed,  placed  in 
coolers,  and  covered  with  crushed  ice.  At  the  dock,  fishes  were  sorted  to 
species,  counted,  and  measured  for  total  length  (TL),  standard  length  (SL), 
fork  length  (FL),  or  disc  width  (DW-for  skates  and  rays).  Each  fish  was 
weighed  to  the  nearest  gram,  and  stomachs  were  removed  and  preserved  in  10  % 
formalin-seawater. 


Trap  Collections:  Commercial  blue  crab  traps  were  covered  with  6.35-mm 

hex  mesh  netting  and  baited  with  cut  herring  (Alosa  sp.).  The  netting 
retained  small  fishes  that  would  have  passed  through  the  regular  trap  wire. 
Six  traps  were  randomly  placed  at  the  base  of  the  jetty  rocks  on  both  the 
inside  and  outside  of  the  north  and  south  jetties.  The  traps  were  fished  for 
three  hours.  The  contents  of  each  trap  were  identified  to  species,  counted, 
weighed  to  the  nearest  gram,  and  measured  to  the  nearest  millimeter  (TL  and 
SL). 


Rotenone  Collections:  Since  nets  and  traps  failed  to  collect  small, 

cryptic  species  such  as  blennies  and  gobies  that  were  closely  associated  with 
the  rocks,  a  small  area  on  the  inside  of  the  north  jetty  was  sampled  with 
rotenone  (benchmarks  7  and  8,  Fig.  1).  A  single  qualitative  collection  was 
made  each  season  during  low  tide  by  placing  rotenone  in  the  small  pools 
formed  by  the  jetty  rocks.  This  was  mixed  by  the  surge  which  flowed  through 
the  spaces  between  rocks.  Stressed  fishes  which  surfaced  in  these  pools  were 
collected  by  dipnets.  Other  fishes  washed  out  of  the  rocks  by  the  surge  were 
caught  in  seine  hauls  along  the  edge  of  the  jetty  base.  Fishes  were 
immediately  preserved  in  10  %  formalin-seawater.  In  the  laboratory,  the 
fishes  were  washed  in  tap  water,  sorted  to  species,  counted,  measured, 
weighed,  and  stored  in  50  %  isopropyl  alcohol. 

Diver  Surveys:  An  underwater  visual  survey  of  the  fish  assemblages 
present  along  both  sides  of  the  north  jetty  was  conducted  by  SCUBA  divers 
using  the  following  census  technique.  Four  sampling  areas  extending  from 
benchmarks  1  through  5  and  6  through  10  on  the  exposed  and  channel  sides, 
respectively,  were  selected  for  the  visual  survey  (Fig.  1).  The  starting 
point  of  the  survey  within  each  area  was  determined  by  swimming  a  random 
number  of  kicks  from  one  end  of  the  area.  The  divers  then  laid  a  survey 
line,  marked  in  1-m  intervals,  from  the  exposed  rocks  at  the  high-tide  level 
to  the  bottom  of  the  jetty.  One  diver  then  began  a  5-min  count,  recording 
all  fish  observed  along  a  2-m  path  bisected  by  the  line.  A  total  of  4  min  was 
spent  looking  for  cryptic  and  demersal  species  among  the  rocks  (2  min  lower 
zone,  2  min  upper  zone)  and  1  min  looking  for  pelagic  species  in  the  water 
column  (30  sec  at  the  bottom,  30  sec  at  the  surface).  Estimates  of  the 
minimum,  maximum,  and  average  length  of  each  species  were  also  noted  during 
the  5-min  count,  along  with  a  notation  of  the  observed  location  of  each 
species  relative  to  depth.  Schools  of  fish  were  roughly  estimated  by  10's, 
20's,  100's,  etc.  The  divers  then  swam  to  the  next  location  using  a  random 
number  of  kicks  to  conduct  a  second  5-min  count  and  continued  this  process 
until  10  counts  had  been  completed.  During  each  count,  the  censusing  diver's 
partner  kept  time.  The  number  of  kicks  made  between  stops  was  predetermined 
using  a  random  numbers  table,  but  swimming  distances  were  sufficient  to 
ensure  that  approximately  100  m  of  jetty  length  was  assessed  in  each  of  the 
four  areas.  All  diver  surveys  using  this  technique  were  conducted  at  or  near 
high  tide.  The  choice  of  ten  5-min  counts  in  each  area  was  based  on  diver 
bottom-time  constraints. 


Additional  dives  were  conducted  to:  (1)  make  qualitative  behavioral 
observations  on  the  different  fish  species,  (2)  capture  additional  fishes  for 
food  habits  analysis,  (3)  place  traps  and  other  fishing  devices  in 
appropriate  locations,  and  (4)  make  qualitative  observations  on  the 
invertebrate  and  algal  assemblages  present  for  comparison  with  previous  study 
findings  (Van  Dolah  et  al.,  1984). 

2.  Fish  Food  Habits  Assessment 

Most  fishes  examined  for  food  habits  were  collected  from  gill  nets  or 
traps  or  by  hook-and-line  fishing.  Some  cryptic  species  were  taken  from 
rotenone  collections,  and  a  few  fish  were  captured  by  divers.  Attempts  were 
made  to  collect  at  least  25  specimens  of  each  species  present.  Stomachs  from 
all  fish  collected  in  the  field  were  individually  labeled,  wrapped  in 


cheesecloth,  and  preserved  in  a  10  Z  formalin-seawater  solution.  Small 
fishes  were  preserved  whole. 


In  the  laboratory,  stomach  contents  were  identified  to  the  lowest  taxon 
possible  and  counted.  For  sheepshead  (Archosargus  probatocephalus)  and  black 
drum  (Pogonias  cromis) ,  which  have  no  clearly  defined  stomach,  the  contents 
of  the  anterior  fourth  of  the  digestive  tract  were  examined.  Colonial  forms 
and  fragments  of  animals  were  counted  as  one  organism  unless  abundance  could 
be  estimated  by  counting  pairs  of  eyes  (crustaceans),  otoliths  (fishes),  or 
other  parts.  The  volume  displacement  of  most  grey  taxa  was  measured  using  a 
graduated  cylinder  or  estimated  using  a  0.5-cni  grid  (Windell,  1971). 

Since  methods  of  food  habits  quantification  are  variously  biased  (Hynes, 
1950;  Pinkas  et  al.,  1971;  Windell,  1971),  the  relative  contribution  of 
different  food  items  to  the  total  diet  was  determined  using  three  methods: 
percent  frequency  of  occurrence  (F),  percent  numerical  abundance  (N),  and 
percent  volume  displacement  (V) . 

3.  Crab  Assessment 


Large  crab  species  present  around  the  jetties  were  sampled  by  deploying 
six  sets  of  five  standard  blue  crab  traps  (62  x  62  x  62  cm)  among  the  rocks 
along  each  side  of  the  north  jetty.  Specific  fishing  locations  used  during 
each  set  were  randomly  selected  from  among  the  benchmark  locations  on  the 
jetty.  All  traps  were  placed  near  the  base  of  the  jetty.  The  traps  were 
buoyed  at  the  surface  and  retrieved  after  12-hr  soak  periods,  Diel 
differences  in  trap  catches  were  evaluated  by  deploying  the  traps  in  three 
replicate  sets  during  daylight  hours  and  three  replicate  sets  during  night 
hours.  Captured  crabs  were  weighed,  measured  for  carapace  width,  and  tagged 
with  a  Floy  tag  prior  to  being  released.  Crabs  captured  during  the  spring 
were  not  tagged  but  were  marked  on  the  back  to  identify  recaptures. 

4,  Survey  of  Recreational  Fishing  Activities 

An  interview-count  survey  was  conducted  to  evaluate  fishing  activities 
and  species  harvested  by  sport  fishermen  in  the  vicinity  of  the  Murrells 
Inlet  jetties.  Individuals  harvesting  crabs  and  shrimp  recreationally  were 
also  surveyed.  Surveys  were  conducted  on  four  weekend  days  and  four  weekdays 
during  each  quarterly  sampling  period.  Counts  of  recreational  fishermen 
utilizing  various  parts  of  the  jetties  and  the  surrounding  area  were  made 
four  times  per  day  (8  am,  11  am,  2  pm,  5  pm)  in  order  to  map  areas  of  heavy 
fishing  pressure  during  different  tidal  stages.  Zones  surveyed  in  the 
vicinity  of  the  jetties  are  depicted  in  Fig.  3.  Surveyors  approximated  the 
location  of  fishermen  (stationed  on  boats,  the  beach,  or  the  jetties),  who 
were  actively  engaged  in  recreational  fishing,  crabbing,  or  shrimping  within 
any  of  these  zones. 

During  the  remainder  of  each  day,  surveyors  interviewed  fishermen  within 
the  sampling  area.  Information  gathered  from  anglers  included  their 
residence  (county  and  state),  number  of  hours  fished,  fishing  methods,  fish 
species  sought,  and  the  number  and  species  of  fish  caught.  The  number  of 
crabs  and/or  pounds  of  shrimp  harvested  was  also  recorded.  With  the  angler's 
permission,  fish  caught  were  identified  and  measured  for  total  length. 
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igure  3.  Map  showing  areas  around  the  Murrells  Inlet  jetties 
which  were  surveyed  for  fishing  activities. 
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5.  Data  Analyses 

The  Bray-Curtis  similarity  index  (Bray  and  Curtis,  1957)  and  the  flexible 
sorting  algorithm,  with  a  cluster  intensity  coefficient  (6)  of  -0.025  (Lance 
and  Williams,  1967)  were  used  to  compare  1)  gill  net  collections,  2)  diver 
observations  and  3)  food  habits  of  fishes.  Prior  to  calculating  the 
similarity  values,  log-transformed  abundances  from  all  three  gill  net 
collections  and  untransformed  abundances  from  diver  observations  were  pooled 
by  site  and  season.  Only  those  species  that  occurred  in  two  or  more  pooled 
gill  net  collections  were  included  in  the  cluster  analysis.  For  the  food 
habits  analysis,  the  Bray-Curtis  index  was  applied  to  untransformed  percent 
volume  displacement  data  for  each  predator  (for  each  season  separately,  and 
for  all  seasons  combined).  Cluster  analysis  was  subsequently  performed  on 
the  pooled  volumetric  data  for  those  predators  represented  by  at  least  five 
specimens  each.  Rotenone  collections  were  compared  between  seasons  using  a 
percent  similarity  index  developed  by  Whittaker  and  Fairbanks  (1958).  Stone 
crab  catches  were  compared  with  respect  to  location  on  the  jetty,  time  of  set 
and  sex  ratio  using  one-way  analyses  of  variance  based  on  crab  abundances 
subjected  to  a  log  (x  +  1)  transformation. 
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IV.  RESULTS  AND  DISCUSSION 


Gill  Net  Collections:  The  72  gill  net  sets  made  during  this  study 
collected  1,662  fishes  representing  48  species  and  23  families,  with  a  total 
weight  of  843.5  kg  (Table  1).  This  resulted  in  an  overall  average  of  23 
fishes/set  with  a  weight  of  11.7  kg.  The  highest  catch/set  values  were  in 
spring  outside  the  south  jetty  for  each  of  the  three  net  sizes  (Figs.  4-6, 
Table  2).  These  nine  collections  accounted  for  47.7  %  of  the  total  number 
and  66.1  X  of  the  total  weight  of  fishes  taken  during  the  entire  study.  The 
most  abundant  species  during  this  season  were  smooth  dogfish  (Mustelus 
canis),  bluefish  (Pomatomus  saltatrix).  and  cleamose  skate  (Raja  eglanteria) 
(Table  1).  Summer  gill  net  catches  were  dominated  by  Spanish  mackerel 
(Scomberomorus  maculatus) ,  bluefish  (P.  saltatrix) ,  Atlantic  menhaden 
(Brevoortia  tyr annus),  and  spot  (Leiostomus  xanthurus) ;  whereas  only  spot 
were  abundant  during  the  fall.  The  lowest  catch  rates  and  diversity  occurred 
during  winter  when  all  three  net  types  caught  only  15  individuals 
representing  six  species,  with  a  weight  of  13.7  kg. 


Normal  cluster  analysis  of  the  pooled  data  (collections  of  all  three  nets 
for  a  given  site  and  season)  gave  three  station  groups  (Figure  7).  The  main 
division  in  the  dendrogram  separated  the  winter  gill  net  collections  on  both 
the  north  and  south  jetties  from  all  other  collections.  This  separation 
demonstrated  the  dissimilarity  in  the  species  composition  of  the  winter 
samples  (Group  3)  and  those  from  the  other  seasons.  Group  1  contained  spring 
catches  from  both  jetties,  and  Group  2  contained  those  from  summer  and  fall. 


Inverse  analysis  (species  cluster)  gave  five  groups  containing  from  three 
to  nine  species  each  (Table  3).  Group  A  included  eight  species  that  were 
rare  in  winter  and  common  in  collections  from  other  seasons.  Groups  C  and  D 
included  fishes  that  were  primarily  summer  and  fall  species,  whereas  those  in 
E  were  most  abundant  in  winter.  Taxa  in  Group  B  were  rare  in  spring,  summer, 
and  fall  and  were  absent  in  winter. 


Trap  Collections:  The  modified  commercial  blue  crab  traps  caught  573 
individuals  representing  ten  species  and  ten  families,  with  a  total  weight  of 
29.7  kg.  Atlantic  silverside,  Menidia  me nidi  a,  was  the  numerically  dominant 
species,  however,  it  was  taken  only  during  the  spring  (Table  4).  Black  sea 
bass,  Centropristis  striata,  contributed  the  greatest  proportion  by  weight 
and  was  caught  during  all  seasons  except  winter  (Table  4). 


There  was  a  significant  difference  between  seasons  in  the  frequency  of 
occurrence  of  fishes  in  traps  (G  =  27.861,  df  =  3,  p  <  0.01).  Only  three  of 
the  24  traps  fished  during  the  winter  sampling  period  caught  fishes.  Of  the 
24  traps  in  spring,  21  had  fishes,  whereas  19  and  13  contained  fishes  in 
sunmer  and  fall,  respectively.  Mean  catch  per  trap  was  an  order  of  magnitude 
higher  in  spring  than  in  either  summer  or  fall,  and  two  orders  of  magnitude 
higher  than  in  winter  (Table  5).  Spring  samples  also  had  a  greater  average 
weight  per  trap  and  more  species.  Lowest  catch  rates  and  diversity  were 
observed  during  winter. 


Although  absent  in  the  winter  traps  set,  black  sea  bass  was  the  most 
frequently  collected  species  during  other  seasons,  being  present  in  40  of  the 


Seasonal  specie e  conposition,  numbers ,  and  weights  of  fis%hes  collected  in  3-hr  gill  net  sets  outside 
the  north  and  south  jetties  at  Murrells  Inlet,  South  Carolina.  Weight  units  are  kilograas;  asterisks 
denote  trace  weights. 


Spring  Sumner  Fall  Winter 


Recreational  Species 
Percent  of  Total 


840  592.3 

232  103.4 

27.6  17.5 


383  119.9 
276  90.8 
72.1  75.7 


424  117.6 

387  106.1 

91.1  90.2 


Bit 


t 


7.82-cm  GUI  Met 


Figure  5 
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Number  of  species,  individuals,  and  weight  of  fishes  collected  in  7.62-cm 
(3-in.)  gill  nets  set  on  the  outside  of  the  north  (N)  and  south  (S)  jetties 
at  Murrells  Inlet  by  season  (SP  *  spring,  SU  *  summer,  FA  *  fall,  WI  *  winter' 
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Figure  6.  Number  of  species,  individuals,  and  weight  of  fishes  collected  in  10.Lo-cm 
(4-in.)  gill  nets  set  on  the  outside  of  the  north  (N)  and  south  iS)  'etties 
at  Murrells  Inlet  by  season  (SP  -  spring,  SU  -  summer,  FA  -  fall,  Wl"-  winter 
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Table  2.  Summary  of  seasonal  catches  of  fishes  from  gill  nets  set  for  3  hrs  on 
the  ocean  side  of  the  north  and  south  jetties  at  Murrells  Inlet. 

(CPUE  =  catch  per  unit  effort  =  mean  catch  for  three  sets;  weight 
units  are  kilograms.) 


Mesh  Size  Variable 


Spring  Summer  Fall  Winter 

North  South  North  South  North  South  North  South 


6.35  cm 

total  number 

24 

299 

total  weight 

9.2 

199.4 

total  species 

2 

13 

CPUE  -  number 

8 

99.7 

CPUE  -  weight 

3.1 

66.5 

CPUE  -  species 

0.7 

7.3 

7.62  cm 

total  number 

15 

347 

total  weight 

9.4 

267.5 

total  species 

7 

11 

CPUE  -  number 

5 

115.7 

CPUE  -  weight 

3.1 

89.2 

CPUE  -  species 

3.7 

5.7 

10.16  cm 

total  number 

10 

147 

total  weight 

13.7 

90.6 

total  species 

3 

11 

CPUE  -  number 

3.3 

49 

CPUE  -  weight 
CPUE  -  species 

4.6 

2 

30.2 

5.7 

4.9  12.3 


Table  3 


Numerical  abundance  of  fishes  in  the  five  species  groups  in  each 
of  the  three  site  groups  as  defined  by  cluster  analysis. 


Species 

Group 

A 


Species 

1 

Site  Group 

2 

3 

P.  saltatrix 

189 

85 

___ 

M.  littoralis 

25 

22 

— 

L.  xanthurus 

4 

333 

3 

P.  lethostigma 

4 

5 

1 

P.  alepidotus 

22 

3 

— 

G.  micrura 

3 

2 

— 

M.  canis 

468 

1 

— 

B  C.  chrysurus 

T.  maculatus 
A.  hepsetus 
S.  tiburo 


1 

1 

1 

1 


1 

1 

1 

3 


0.  oglinum 
T.  carolinus 

A.  felis 

B.  tyrannus 
maculatus 

L.  rhomboides 

C.  nebulosus 
C.  faber 


12 

8 

3 

1  AO  1 

1  146 

9 

22 

8 


D  E.  saurus 

S.  ocellatus 
M.  cephalus 
P.  cromis 

T.  onites 
C.  regalis 
S.  vomer 

A.  probatocephalus 
M.  americanus 


3 

2 

7 


1 


5 
9 

11 

6 
10 

7 

15 

8 
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S.  aquosus 
A.  mediocris 
A.  sapidissima 
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remaining  72  trap  sets  (55.6  %).  This  species  was  most  commonly  collected 
during  spring  when  overall  catch  rates  were  highest.  In  spring,  black  sea 
bass  ranged  in  size  from  5  to  16  cm  SL  (x  =  10.6  cm)  (Fig.  8).  Summer  black 
sea  bass  averaged  10.2  cm  SL  (range  =  5  to  17  cm),  and  fall  samples  were 
slightly  larger  (x  =  12.1  cm,  range  =  6  to  18  cm).  All  black  sea  bass  were 
probably  young  of  the  year  or  one  year  old  (Wenner  et  al.,  1986). 

The  unmodified  blue  crab  traps,  which  were  set  around  the  north  jetty  to 
assess  the  decapod  assemblages,  also  captured  347  fish  representing  nine 
species  (Appendix  1).  During  the  spring,  the  eel  Conger  oceanicus  dominated 
the  catch  numerically  as  well  as  in  total  biomass.  This  eel  also  was  the 
most  abundant  species  during  the  winter  and  was  commonly  collected  during  the 
summer  and  fall.  All  but  one  of  the  80  C.  oceanicus  were  captured  in  night 
sets. 

The  most  abundant  fishes  captured  in  the  crab  traps  during  the  summer 
were  black  sea  bass,  Centropristis  striata;  pinfish,  Lagodon  rhomboides ; 
spottail  pinfish,  Diplodus  holbrooki;  and  oyster  toadfish,  Opsanus  tau 
(Appendix  1).  Other  fish  species  captured  in  the  crab  traps  were  represented 
by  only  one  specimen.  In  addition,  four  specimens  of  Octopus  vulgaris  were 
captured  in  the  fall.  Differences  in  the  composition  of  the  catch  collected 
by  the  modified  sea  bass  traps  and  the  blue  crab  traps  were  primarily  due  to 
differences  in  the  trap  mesh  size,  as  well  as  time  of  deployment  and  duration 
of  set. 

Rotenone  Collections:  Rotenone  poisoning  resulted  in  the  collection  of 
804  fishes  representing  24  identifiable  species  and  20  families  (Table  6). 

The  four  species  that  occurred  in  all  seasons  (Gobiosoma  ginsburgi,  Gobiesox 
strumosus,  Hypleurochilus  geminatus,  and  Hypsoblennius  hentzi)  accounted  for 
82.6  %  of  the  total  number  of  fishes  (Appendix  2).  Seaboard  goby,  G. 
ginsburgi .  was  most  abundant  (36.7  %),  followed  by  skilletfish,  G.  stromosus 
(17.7  %);  crested  blenny,  H.  geminatus  (15.0  %) ;  and  feather  blenny,  H. 
hentzi  (13.2  Z) . 

The  total  catch  of  fishes  collected  by  rotenone  poisoning  during  winter 
was  approximately  half  that  of  the  other  seasons  (which  were  relatively 
consistent),  and  the  total  number  of  species  collected  was  also  slightly 
lower  during  this  season  (Table  6).  The  species  assemblages  in  rotenone 
collections  were  relatively  similar  among  seasons  (Table  6)  and  consisted 
mostly  of  cryptic  resident  species  (blennies,  gobies,  clingfish,  pipefish, 
and  Carolina  hake),  transients  (silversides,  anchovies,  gerreids,  young  of 
year  spot),  and  species  that  were  probably  residents  but  only  rarely 
collected  (toadfish,  sparids,  haemulids). 

Visual  Census:  Over  4400  fishes,  representing  at  least  32  species  and 
many  temperate  and  tropical  teleost  families,  were  observed  during  the  visual 
swimming  transects  along  the  north  jetty  (Table  7).  The  Atlantic  silverside, 
Menidia  menidia,  was  the  most  abundant  species  observed,  and  large  schools 
were  found  near  the  surface  adjacent  to  the  upper  rocks  on  the  jetty  face. 
Atlantic  silversides  were  never  observed  at  the  base  of  the  jetty  and  were 
infrequent  at  mid-depth  zones.  Most  M.  menidia  were  observed  in  the  spring, 
and  a  few  were  seen  in  the  fall.  None  were  noted  in  visual  surveys  conducted 
during  the  summer  and  winter  (Tables  7-11).  In  spring,  when  M,  menidia  were 
most  abundant,  they  were  found  on  both  sides  of  the  jetty  and  appeared  to 
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Figure  8 


Sizes  of  black  sea  bass,  Centropristis  striata ,  collected 
in  modified  traps  fished  at  the  base  of  the  Murrells  Inlet 
jetties. 


Table  6.  Seasonal  species  composition  and  relative  abundance  of  fishes  (a)  and 
percent  similarity  values  between  seasons  (b)  for  rotenone  samples 
collected  on  the  channel  side  of  the  north  jetty. 
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Table  7.  Abundance  of  fishes  observed  during  diver  transects  on  the  north 
jetty  at  Murrells  Inlet,  by  season. 


Species 


Clupeidae 

Brevoortia  tyr annus 


Batrachoididae 
Opsanus  tau 


Gadidae 

Urophycis  earlli 


Gobiesocidae 

Gobiesox  strumosus 

Atherinidae 

Menidia  me nidi a 

Serranidae 

Centropristis  striata 
Mycteroperca  microlepis 


Grammistidae 

Rypticus  maculatus 


Carangidae 

Chloroscombrus  chrysurus 


Lutjanidae 

Lutjanus  griseus 


Haemulidae 

Orthopristis  chrysoptera 


Sparidae 

Archosargus  probatocephalus 
Diplodus  holbrooki 
Lagodon  rhomb o ides 
Stenotomus  aculeatus 

Sciaenidae 

Bairdiella  chrysoura 
Leiostomus  xanthurus 
Pogonias  cromis 
Sciaenops  ocellatus 


Number  of  Individuals 
Spring  Summer  Fall  Winter  Total 


123  208  68 

1 
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Table  7.  (Concluded) 


Species 

S 

Number  of  Individuals 
pring  Summer  Fall  Winter 

Ephxppidae 

Chaetodipterus  faber 


Chaetodontidae 
Chaetodon  aya 
Chaetodon  ocellatus 


Chaetodon  sedentarxus 


Pomacentndae 

Abudefduf  saxatilis 


Pomacent rus  variabilis 


Labridae 

Tautoea  onitis 


Mugxlidae 

Mueil  ceohalus 


Blenniidae 

Blennildae  undetermined 
Chasmodea  bosquianus 
Hypleurochilus  geminatus 
Hypsoblennius  hentzi 


Balistidae 

Monacanthus  hispidus 


Table  8.  Abundance  of  fishes  observed  during  diver  transects  on  the  north 
jetty  at  Murrells  Inlet  during  spring,  by  location. 


Species 


Batrachoididae 
Opsanus  tau 


Gadidae 

Urophycis  earlli 


Atherinidae 

Menidia  menidia 

Serranidae 

Centropristis  striata 


Sparidae 

Archosargus  probat ocephalus 
Lagodon  rhomboides 

Sciaenidae 

Leiostomus  xanthurus 
Blenniidae 

Blenniidae  undetermined 
Chasmodes  bosquianus 
Hypleurochilus  geminatus 
Hypsoblennius  sp. 


Total 


Number  of  Individuals 
Exposed  Channel 

Offshore  Inshore  Offshore  Inshore 


Total 


1 

1 

3 

3 

905 

600 

50 

535 

2090 

10 

19 

80 

14 

123 

4 

4 

25 

58 

83 

75 

32 

107 

1 

1 

2 

1 

1 

2 

4 

4 

3 

11 

6 

6 

924 

730 

138 

640 

2432 

Table  9.  Abundance  of  fishes  observed  during  diver  transects  on  the  north 
jetty  at  Murrells  Inlet  during  summer,  by  location. 


Number  of 

Individuals 

Exposed 

Channel 

Species 

Offshore  Inshore 

Offshore  Inshore 

Clupeidae 

Brevoortia  tyrannus 


Batrachoididae 
Opsanus  tau 


Gobiesocidae 

Gobies  ox  strumosus 

Serranidae 

Centro pristis  striata 
Mycteroperca  microlepis 


Haemulidae 

Orthopristis  chrysoptera 


Sparidae 

Archosargus  probat ocephalus 
Diplodus  holbrooki 
Lagodon  rhomboides 


Sciaenidae 

Bairdiella  chrysoura 
Leiostomus  xanthurus 
Pogonias  cromis 
Sciaenops  ocellatus 


Ephippidae 

Chaetodipterus  faber 


Chaetodontidae 

Chaetodon  ocellatus 
Chaetodon  sedentarius 

Pomacentridae 

Abudefduf  saxatilis 
Pomacentrue  variabilis 

Mugilidae 

Mugil  cephalus 


(Continued) 
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Table  9.  (Concluded) 


Species 


Number  of  Individuals 
Outside  Channel 

Offshore  Inshore  Offshore  Inshore 


Total 


Blenniidae 

Blenniidae  undetermined 
Hypleurochilus  geminatus 
Hypsobletmius  hentzi 


Bothidae 

Paralichthys  sp. 


Balistidae 

Monacanthus  hispidus 


Total 


Table  10.  Abundance  of  fishes  observed  during  diver  transects  on  the  north 
jetty  at  Murrells  Inlet  during  fall,  by  location. 


Number  of  Individuals 
Exposed  Channel 

Offshore  Inshore  Offshore  Inshore 


Table  10.  (Concluded) 


Species 

Number  of  Individuals 

Exposed  Channel 

Offshore  Inshore  Offshore  Inshore 

Total 

Mugilidae 

Mugil  cephalus 

51 

20 

71 

Blenniidae 

Blenniidae  undetermined 

8 

22 

20 

2 

52 

Hypleurochilus  geminatus 

1 

1 

Bothidae 

Paralichthys  sp. 

1 

1 

2 

Balistidae 

Monacanthus  hispidus 

1 

1 

Total 

419 

584 

351 

23 

1377 

Table  11.  Abundance  of  fishes  observed 

during  diver  transects  on 

the  north 

jetty  at  Murrells 

Inlet  during  winter. 

by  location. 

Species 

Number  of  Individuals 

Exposed 

Channel 

Total 

Offshore 

Inshore 

Offshore  Inshore 

Batrachoididae 

Opsanus  tau 

1 

1 

Total 

1 

1 

35 


\ 


school  along  the  entire  length.  More  were  seen  on  the  exposed  side  than  in 
the  channel. 

Black  sea  bass,  Centropr istis  striata,  was  the  second  most  abundant 
species  seen  during  the  visual  census  of  the  jetty  (Table  7).  Black  sea  bass 
were  common  during  all  seasons  except  winter,  and  they  were  most  abundant  in 
fall,  when  many  small  juveniles  were  recruited  to  the  rocks  of  the  jetty. 
Unlike  Atlantic  silversides,  most  black  sea  bass  were  confined  to  the  base  of 
the  jetty,  with  a  few  individuals  noted  in  crevices  at  middle  depths  on  the 
rock  face.  Black  sea  bass  occurred  along  both  the  inshore  (benchmarks  6-10) 
and  offshore  (benchmarks  1-5)  segments  of  both  sides  of  the  jetty  during 
those  seasons  they  were  present.  Centropristis  striata  showed  no  clear 
preference  for  inshore  or  offshore  depths  on  either  side,  but  fish  in  deeper 
waters  were  generally  larger. 

Spottail  pinfish,  Diplodus  holbrooki,  was  the  third  most  abundant  species 
counted  on  visual  transects  and,  like  M.  menidia,  was  very  seasonal  in  its 
occurrence.  Spottail  pinfish  occurred  only  in  the  warmer  months,  summer  and 
fall  (Table  7)  and  was  more  abundant  along  the  inshore  portion  of  the  jetty 
than  along  the  outer  portion  (Tables  9-11).  Spottail  pinfish  schooled  around 
mid-depths  and  in  the  upper  regions  of  the  jetty  face.  They  were  common  on 
both  sides  of  the  jetty  in  summer,  but  were  abundant  only  on  the  exposed  face 
in  the  fall. 

Atlantic  menhaden,  Brevoortia  tyr annus,  was  the  fourth  most  abundant 
species  observed;  however,  this  species  was  only  observed  on  one  occasion, 
and  may  not  be  closely  associated  with  the  jetty  structure.  All  specimens  of 
Atlantic  menhaden  were  observed  in  small  schools  from  the  base  to  the  top  of 
the  offshore  exposed  jetty  face  in  summer  (Table  9). 

Small  juvenile  spot,  Leiostomus  xanthurus,  were  also  frequently  observed 
on  the  jetty,  especially  in  spring  (Tables  7-8).  All  but  one  specimen  were 
observed  on  the  inshore  portion  of  both  sides  of  the  jetty,  where  they 
hovered  above  the  sand  at  the  base  of  the  jetty  rocks. 

Several  other  species  of  commercial  and  recreational  importance  were 
sighted  around  the  jetty  rocks.  Schools  of  striped  mullet  (Mugil  cephalus) 
were  seen  during  the  warmer  months  (Table  7),  swimming  along  the  length  of 
the  jetty  adjacent  to  the  upper  rocks.  A  single  juvenile  gag  (Mycteroperca 
microlepis)  was  observed  on  the  exposed  face  during  summer  (Table  9),  and 
several  juvenile  gray  snapper  (Lut janus  griseus)  were  observed  along  offshore 
portions  of  the  jetty  in  the  fall  (Table  10).  Small  individuals  of 
sheepshead  (Archosargus  probatocephalus)  were  seen  during  all  seasons  but 
winter,  and  most  were  present  along  the  inshore  portion  of  the  jetties. 
Inshore  specimens  were  generally  smaller  than  offshore  specimens.  Small 
individuals  of  black  drum  (Pogonias  cromis)  and  red  drum  (Sciaenops 
ocellatus)  were  seen  infrequently  on  the  sandy  bottom  next  to  the  base  of  the 
rocks.  Juvenile  spadefish  (Chaetodipterus  faber)  and  tautog  (Tautoga  onitis) 
were  also  infrequently  seen  (Table  7).  Juvenile  pinfish  (Lagodon  rhomboides) 
were  abundant  in  spring  on  the  sandy  bottom  adjacent  to  the  rocks  on  inshore 
portions  of  the  jetty  (Table  8). 

Several  other  cryptic  or  rare  species  were  occasionally  noted  (Table  7). 
Tropical  and  subtropical  reef  fishes  such  as  grammistids,  chaetodontids,  and 


pomacentrids  were  occasionally  seen  during  the  warmer  months.  The  only 
species  observed  during  all  seasons.  Ops anus  tau,  was  only  occasionally  seen 
and  its  courtship  and  territorial  calls  were  often  heard  by  divers.  This 
toadfish,  like  the  several  species  of  blennies  that  were  seen  (Table  7),  is 
probably  very  abundant,  but  was  only  occasionally  sighted  because  of  its 
cryptic  coloration  and  habits. 

Abundance  of  all  fishes  was  highest  in  spring  because  of  the  high 
abundance  of  the  surface  schooling  species,  M.  menidia .  Fish  abundance  was 
also  high  in  the  fall;  however  C.  striata  and  D.  holbrooki,  two  species  that 
were  more  abundant  on  the  lower  half  of  the  rock  face,  were  the  dominant 
species.  Centropristis  striata  and  D.  holbrooki  were  also  the  dominant 
species  in  summer.  A  single  oyster  toadfish  was  the  only  fish  observed  on 
the  transects  completed  in  winter  (Table  11). 

Normal  cluster  analysis  of  replicate  transects  pooled  by  habitat  and 
season  resulted  in  groupings  that  indicated  the  seasonal  nature  of  the  fish 
fauna  on  the  jetty  (Fig.  9).  Some  exceptional  transects  (i.e.,  channel/ 
of fshore/spring  and  channel/inshore/fall)  grouped  with  other  seasons  because 
of  the  unusually  small  number  of  fishes  seen  in  those  habitats  and  seasons. 
Inverse  cluster  analysis  resulted  in  groupings  of  species  that  had  similar 
habit at/seasonal  occurrences  and/or  abundance  patterns  (Table  12).  Group  A 
consisted  of  species  that  were  very  rare  and  occurred  only  in  the  fall, 
whereas  Group  D  consisted  of  more  common  species  that  also  occurred  mainly  in 
the  fall  (Table  7).  Groups  B  and  E  consisted  of  rare  species  that  were  more 
abundant  or  only  observed  in  the  warmer  months,  summer  and  fall.  Group  B 
fishes  occurred  mostly  on  inshore  sites,  while  Group  E  consisted  of  fishes 
that  were  primarily  offshore  in  distribution.  Group  C  consisted  of 
moderately  abundant  species  with  no  clear  habitat  affinity.  Hypleurochilus 
geminatus  occurred  mainly  on  the  exposed  side  during  the  spring,  and  C.  faber 
was  most  abundant  on  the  exposed  side  in  summer.  Archosargus  probatocephalus 
was  most  abundant  in  the  fall  and  occurred  in  all  four  habitats,  whereas  0. 
chrysoptera  was  found  only  in  the  summer  in  inshore  waters.  Groups  F  and  G 
consisted  of  common  to  abundant  species.  Species  in  Group  F  were  very 
abundant,  especially  in  summer  and  fall,  and  were  found  at  inshore  and 
offshore  areas  on  both  sides  of  the  jetties.  Species  in  Group  G  were  also 
abundant,  but  were  found  almost  exclusively  in  spring.  Species  in  Group  H 
included  the  most  abundant  species  (M.  menidia)  and  some  of  the  rarest 
species;  however,  most  of  these  species  were  seen  primarily  in  spring.  The 
exception  was  B.  tyr annus,  which  was  included  in  this  group  because  of  its 
similar  affinity  to  the  exposed  side  of  the  jetty.  Groups  I  and  J  consisted 
of  rare  species  that  were  almost  exclusively  seen  in  summer.  Species  in 
Group  I  were  each  represented  by  one  specimen  observed  on  the  inshore  end  of 
the  exposed  side  of  the  jetty;  Group  J  consisted  of  species  found  at  the 
inshore  end  of  both  sides  of  the  jetty. 

Diversity  values  varied  but  were  generally  low  (Table  13).  Highest  H' 
diversity  occurred  in  fall  at  the  channel  inshore  area  and  was  due  to  a  high 
evenness  value  and  a  moderate  number  of  species  being  present.  High  H' 
values  also  occurred  in  summer,  when  more  species  generally  were  observed  at 
all  sites.  With  the  exception  of  winter,  lowest  diversity  values  were  found 
in  spring,  when  the  large  numbers  of  M.  menidia  that  were  present  contributed 
to  low  evenness  values. 


Table  12.  Species  associations  elucidated  through  inverse  cluster  analysis  of 
visual  fish  counts. 


Group  A 

Chaetodon  ay a 
Chloroscombrus  chrysurus 
Rypticus  maculatus 

Group  B 

Sciaenops  ocellatus 
Stenotomus  aculeatus 
Opsanus  tau 
Paralichthys  sp. 

Group  C 

Hypleurochilus  geminatus 
Chaetodipterus  faber 
Archosargus  probat ocephalus 
Orthoprist is  chrysoptera 


Group  F 

Centropristis  striata 
Diplodus  holbrooki 


Group  G 

Leiostomus  xanthurus 
Lagodon  rhomboides 


Group  H 

Hypsoblennius  sp. 
Chasmodes  bosquianus 
Menidia  menidia 
Urophycis  earlli 
Brevoortia  tyr annus 


Group  D 

Blenniidae  undetermined 
Mugil  cephalus 
Lutjanus  griseus 

Group  E 

Abudafduf  saxatilis 
Chaetodon  ocellatus 
Tautoga  onitis 


Group  I 

Mycteroperca  microlepis 
Gobies ox  strumosus 
Chaetodon  sedentarius 

Group  J 

Pogonias  chromis 
Bairdiella  chrysoura 
Pomacentrus  variabilis 
Monacanthus  hispidus 
Hypsoblennius  hentzi 


Table  13.  Community  structure  values  for  replicate  visual  transects  pooled 
by  habitat  and  season. 


Habit  at / Seas  on 

Number  of 
Individuals 

Number  of 
Species 

H-Prime 

Diversity 

J-Prime 

Evenness 

Exp/Off/Sp 

924 

6 

0.18 

0.07 

Exp/Insh/Sp 

730 

7 

0.98 

0.35 

Chan/Off/Sp 

138 

5 

1.30 

0.56 

Chan/Insh/Sp 

640 

5 

0.88 

0.38 

Exp/Off/Su 

265 

10 

1.41 

0.42 

Exp/Insh/Su 

152 

16 

2.57 

0.64 

Chan/Off/Su 

113 

10 

1.41 

0.43 

Chan/Insh/Su 

103 

13 

2.56 

0.69 

Exp/Off/Fa 

419 

6 

1.69 

0.65 

Exp/Insh/Fa 

584 

7 

1.55 

0.55 

Chan/Off/Fa 

351 

16 

1.13 

0.28 

Chan/ In sh/ Fa 

23 

11 

3.04 

0.88 

Exp/Insh/Wi 

1 

1 

0.00 

0.00 

The  visual  transects  appeared  to  be  an  adequate  method  of  assessing 
non-cryptic  fishes  associated  with  the  jetties.  An  a  posteriori  test  of 
cumulative  species  observed  versus  number  of  counts  indicated  that  few 
species  were  added  to  the  list  after  five  counts  were  completed.  Since  ten 
counts  were  made  in  each  area,  the  number  of  counts  chosen  was  adequate  to 
determine  species  composition. 

Visibility,  however,  may  have  limited  the  effectiveness  of  the  technique 
for  counting  some  species,  especially  cryptics  and  transitory  pelagic  species 
such  as  jacks  and  bluefish.  Cryptic  species  abundance  was  probably 
underestimated  because  they  could  not  be  easily  seen  in  dark  crevices. 
Although  visual  transects  were  conducted  when  tide  and  sea  conditions  were 
expected  to  produce  maximum  visibility,  the  visibility  was  consistently  fair 
to  poor.  Fishes  could  be  accurately  identified  and  counted  for  a  distance  of 
about  1.5  m  from  the  observer  and,  therefore,  many  fishes  may  have  been 
missed  during  diver  counts.  In  spite  of  these  limitations,  diver 
observations  provided  useful  information  to  supplement  that  provided  by  other 
techniques. 

General  Discussion:  Both  traps  and  gill  nets  showed  the  seasonal  nature 
of  the  ichthyofauna  near  the  jetties.  When  water  temperatures  reached 
minimum  values  in  winter,  fishes  that  occurred  in  moderate  numbers  during 
other  seasons  were  either  absent  or  extremely  rare.  Trap  catches  showed 
black  sea  bass  to  be  relatively  abundant  in  all  seasons  except  winter  when 
they  were  absent.  Also  during  winter,  gill  nets  caught  an  order  of  magnitude 
fewer  species,  individuals,  and  total  weight  than  during  any  other  season. 

Seasonal  changes  in  the  ichthyofauna  taken  in  rotenone  collections  were 
not  as  dramatic.  Although  the  samples  from  January  had  fewer  species  and 
individuals,  there  was  little  difference  in  the  species  composition  of  the 
samples  in  comparison  to  that  of  other  seasons.  Most  species  taken  with 
rotenone  were  fishes  that,  because  of  their  small  body  size  and  cryptic 
habits,  do  not  move  offshore  or  south  to  avoid  cold  water  temperatures. 

Species  composition  and  abundance  of  the  ichthyofauna  noted  on  diver 
transects  differed  considerably  from  those  of  collections  taken  by  most  forms 
of  removal  sampling.  The  most  notable  differences  between  diver  observations 
and  gill  net  samples  were:  1)  the  complete  absence  of  elasmobranch  fishes, 
and  2)  the  rarity  of  many  pelagic  fishes  in  diver  observations.  Whereas  gill 
net  sets  were  dominated  by  smooth  dogfish,  bluefish,  and  clearnose  skates  in 
spring,  these  species  were  not  observed  on  the  north  jetty.  This  was 
probably  due  to  the  fact  that  much  of  the  gill  net  length  was  fished  over  a 
sand  bottom  away  from  the  jetty,  whereas  diver  observations  were  confined  to 
the  areas  immediately  adjacent  to  the  rocks.  Similarly,  the  Spanish  mackerel 
and  bluefish  that  dominated  gill  net  catches  in  summer  were  not  observed  by 
divers,  and  although  spot  dominated  net  catches  in  fall,  few  were  seen  by 
divers.  Gill  net  catches  and  diver  observations  both  indicated  a  paucity  of 
fishes  in  the  area  in  winter.  In  addition,  although  the  faunas  sampled  by 
the  two  techniques  differed  considerably,  cluster  analysis  of  net  catches 
showed  seasonal  groupings  similar  to  those  suggested  by  observations  in  diver 
transects. 

Modified  trap  catches  were  more  similar  to  diver  observations  than  gill 
net  collections  in  some  ways.  In  spring,  for  example,  M.  menidia  was  the 


dominant  species  observed  by  divers  and  collected  in  modified  traps,  although 
some  M.  menidia  were  observed  by  divers  in  fall  but  not  collected  in  traps  at 
that  time.  Modified  traps  also  caught  a  number  of  other  species  (e.g.. 

Ops anus  tau,  Lagodon  rhomboides,  Orthopristis  chrysoptera,  etc.)  that  were 
often  observed  by  divers  but  rarely  caught  in  gill  nets.  These  larger 
species  (as  compared  to  M.  menidia)  were  also  caught  in  the  unmodified  blue 
crab  traps.  The  closer  similarity  in  diver  observations  and  traps  (versus 
diver  observations  and  gill  nets)  is  probably  due  to  the  proximity  of  the 
trap  sets  to  the  jetty  rocks.  A  notable  difference  between  trap  collections 
and  diver  observations  was  that  traps  caught  larger  black  sea  bass  in  fall 
than  in  other  seasons,  whereas  divers  noted  a  decrease  in  average  size  of 
black  sea  bass  ir.  fall.  This  is  probably  due  to  size  selectivity  of  fish 
traps  (Lagler,  1971). 

Rotenone  collections  captured  numerous  specimens  of  cryptic  species 
including  blennies,  skilletfish  and  gobies  that  were  not  easily  quantifiable 
by  divers. 

The  species  composition  of  fishes  that  were  closely  associated  with  the 
jetties  was  similar  to  that  noted  in  previous  investigations  of  artificial 
and  natural  reefs  in  the  South  Atlantic  Bight  (Parker  et  al.,  1979;  Sedberry 
and  Van  Dolah,  1984;  South  Carolina  Wildlife  and  Marine  Resources  Department 
(SCWMRD),  1984;  Van  Dolah  et  al.,  1984).  For  example.  Van  Dolah  et  al. 

(1984)  collected  or  observed  33  fish  taxa  on  the  Murrells  Inlet  jetties  in  a 
more  limited  sampling  effort,  and  of  these,  23  were  also  taken  or  observed  in 
this  study.  Faunal  studies  of  artificial  reefs  offshore  from  Murrells  Inlet 
listed  60  taxa  (Parker  et  al.,  1979),  of  which  21  were  collected  in  the 
current  study.  Of  the  117  taxa  taken  or  observed  in  this  study  and  in  the 
two  studies  cited  above,  only  15  were  present  in  all  surveys  (Table  14).  The 
differences  can  be  attributed  to  location  (inshore  versus  offshore)  and 
collecting  techniques. 

The  jetties  at  Murrells  Inlet  appear  to  attract  fishes  in  three  main 
ways.  First,  fishes  that  are  normally  associated  with  structure,  either 
offshore  hardbottom  reefs  (e.g.,  black  sea  bass,  sheepshead)  or  inshore  high 
salinity  oyster  reef  habitat  (e.g.,  blennies,  gobies,  clingfish,  oyster 
toadfish)  are  attracted  to  the  hard  substratum  of  the  jetties  both  for  food 
and  as  a  refuge  from  predators.  The  numerous  interstitial  spaces  between  the 
rocks  provide  abundant  hiding  places  for  fishes,  and  the  hard  substratum 
allows  for  the  attachment  of  dense  epifloral  and  epifaunal  communities  (Van 
Dolah  et  al.,  1984). 

Secondly,  the  jetties  are  adjacent  to  the  inlet  through  which  abundant 
food  (zooplankton,  etc.)  is  exported  from  the  estuary  by  tidal  currents. 
Several  forage  species  such  as  Menidia  menidia,  Brevoortia  tyrannus,  and 
Opisthonema  oglinum  appear  to  capitalize  on  this  estuarine  export  (see  Fish 
Food  Habits  section).  These,  in  turn,  are  preyed  upon  by  various  piscivorous 
species  such  as  bluefish  during  spring  and  summer,  and  Spanish  mackerel  in 
summer. 

Thirdly,  the  jetties  appear  to  attract  fishes  during  their  northerly 
migrations  in  spring  and  southerly  movements  in  fall.  For  example,  the 
smooth  dogfish,  Mustelus  cards,  is  an  abundant  shark  in  shallow  waters  off 
the  Middle  Atlantic  coast  and  southern  New  England  during  late  spring. 
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Table  14 


Continued 


Famil 


Species 


Parker  Van  Dolan  Present 
et  al.  et  al.  Study 


Serranidae 


Grammistidae 

Pomatomidae 

Rachycentridae 

Echeneidae 

Carangidae 


Lut j  anidae 


Gerreidae 
Haemul idae 


Sparidae 


Sciaenidae 


Centropristis  philadelphica 
Centropristis  striata 
Diplectrum  formosum 
ttycteroperca  microlepis 
Serranus  subligarius 
Rypticus  sp. 

Rypticus  maculatus 
Pomatomus  saltatrix 
Rachycentron  canadum 
Remora  remora 
Caranx  bartholomaei 
Caranx  crysos 
Caranx  hippos 
Caranx  ruber 

Chloroscombrus  chrysurus 
Decapterus  sp. 

Selene  setapinnis 
Selene  vomer 
Seriola  dumerili 
Seriola  zonata 
Trachinotus  carolinus 
Lut j  anus  campechanus 
Lutjamus  griseus 
Lutjanus  synagris 
Gerreidae 

Anisotremus  virginicus 
Haemulon  aurolineatum 
Haemulon  sp. 

Haemulon  sciurus 
Orthopristis  chrysoptera 
Archosargus  probatocephalus 
Calamus  sp. 

Calamus  arctifrons 
Diplodus  holbrooki 
Lagodon  rhomboides 
Stenotomus  sp. 

Stenotomus  aculeatus 
Bairdiella  chrysoura 
Cynoscion  nebulosus 
Cynoscion  regalis 
Equetus  lanceolatus 
Equetus  umbrosus 
Leiostomus  xanthurus 
Menticirrhus  americanus 

(continued) 


Table  14  .  (Concluded) 


Sciaenidae 
(con1 t) 


Mullidae 

Ephippidae 

Chaetodontidae 


Pomacentridae 


Labridae 

Mugilidae 

Sphyraenidae 

Uranoscopidae 

Blenniidae 


Gobiidae 

Acanthuridae 

Trichiuridae 

Scombridae 

Stromateidae 

Scorpaenidae 

Triglidae 

Bothidae 


Soleidae 

Cynoglossidae 

Balistidae 

Ostraciidae 

Tetraodontidae 

Diodontidae 


Menticirrhus  littoral is 
Micropogonias  undulatus 
Pogonias  cromis 
Sciaenops  ocellatus 
Pseudupeneus  maculatus 
Chaetodipterus  faber 
Chaetodon  sp. 

Chaetodon  ay a 
Chaetodon  ocellatus 
Chaetodon  sedentarius 
Abudefduf  saxatilis 
Pomacentrus  sp. 
Pomacentrus  dorsopunicans 
Pomacentrus  variabilis 
Halichoeres  bivittatus 
Tautoga  onitis 
Mugil  cephalus 
Mugil  sp. 

Sphyraena  sp. 

Astroscopus  y-graecum 
Chasmodes  bosquianus 
Hypleurochilus  geminatus 
Hypsoblennius  hent2i 
Hypsoblennius  sp. 
Blenniidae 
Gobiidae 

Gob io soma  ginsburgi 
Acanthurus  sp. 

Acanthurus  chirurgus 
Trichiurus  lepturus 
Scomberomorus  cavalla 
Scomberomorus  maculatus 
Peprilus  alepidotus 
Scorpaenidae 
Prionotus  carolinus 
Paralichthys  dentatus 
Paralichthys  lethostigma 
Scophthalmus  aquosus 
Trinectes  maculatus 
Symphurus  plagiusa 
Balistis  capriscus 
Monacanthus  hispidus 
Lactophrys  sp. 

Sphoeroides  maculatus 
Chiiomvcterus  schoepfi 
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simmer,  and  early  fall.  As  the  more  northerly  waters  cool  late  in  the  year, 
the  species  moves  south  of  the  Virginia  capes  (Bigelow  and  Schroeder,  1948) . 
Apparently,  a  substantial  portion  of  the  population  moves  south  of  the  North 
Carolina  capes,  and  enters  the  coastal  waters  of  the  South  Atlantic  Bight. 
During  spring,  there  is  a  northerly  movement  as  the  water  warms.  Our 
sampling  showed  that  most  of  the  smooth  dogfish  were  taken  in  spring,  and  of 
these  468  individuals,  466  were  collected  in  gill  nets  fished  outside  the 
south  jetty.  It  appears  that,  during  spring,  this  species  moves  north  in 
shallow  coastal  waters,  and  when  it  encounters  the  south  jetty  it  moves 
slightly  offshore  and  north  again.  This  route  would  significantly  reduce  the 
probability  of  catching  this  shark  in  nets  fished  on  the  north  jetty. 

Finally,  it  should  be  noted  that  although  the  jetty  fauna  is  similar  to 
offshore  reef  faunas,  there  are  differences.  A  major  difference  between  the 
jetties  and  offshore  reefs  is  the  much  lower  diversity  found  on  the  jetties 
than  on  natural  reefs  (Sedberry  and  Van  Dolah,  1984).  Lindquist  et  al . 

(1985)  also  noted  a  similar  low  number  of  species  in  visual  counts  on  jetties 
off  North  Carolina.  Lindquist  et  al.  (1985)  reported  a  marked  decrease  in 
number  of  species  in  colder  months  (they  found  no  fishes  present  in 
December),  a  finding  similar  to  that  in  the  present  study.  The  increase  in 
diversity  in  warmer  months  in  both  studies  is  a  result  of  the  presence  of 
seasonal  visitors  and  tropical  strays  (chaetodontids,  pomacentrids)  in 
summe  r . 

A  second  major  difference  between  the  jetties  and  offshore  reefs  is  the 
smaller  size  of  many  species  on  the  jetty  (Buchanan,  1973;  SCWMRD,  1984; 
Wenner  et  al.,  1986;  Sedberry,  in  prep.).  Black  sea  bass,  sheepshead, 
spadefish,  and  gag  observed  on  the  jetties  consisted  mainly  of  small 
juveniles,  the  adults  of  which  occur  in  deeper  waters,  considerably  farther 
offshore.  Although  many  of  these  smaller  fishes  are  of  little  value  to 
recreational  fishermen  on  the  jetties  (and  some,  such  as  black  sea  bass  are 
usually  of  sublegal  size),  the  jetties  obviously  serve  as  nursery  areas  for 
these  fishes,  where  they  can  feed  and  seek  shelter  from  predators.  The  near 
absence  of  economically  important  fishes  on  the  jetty  in  winter  indicates 
seasonal  migration,  probably  in  late  fall,  to  offshore  reefs  where  the  water 
is  warmer.  •  Thus,  the  jetties  may  be  important  in  providing  recruits  to 
offshore  fishing  grounds.  A  tagging  study  of  an  abundant  and  economically 
important  species  on  the  jetties  (e.g.,  black  sea  bass)  would  be  a  valuable 
contribution  to  our  understanding  of  juvenile  migrations  and  recruitment  of 
these  economically  important  species,  and  would  help  to  further  evaluate  the 
contribution  of  the  jetties  to  stocks  of  important  fishery  species. 

2.  Fish  Food  Habits 

Description  of  Species  Diets;  The  stomach  contents  of  55  species  of  fish 
were  examined  (Appendix  3).  The  number  of  specimens  varied  between  predators 
and  among  seasons  due  to  differences  in  abundance,  susceptibility  to  capture, 
and  stomach  fullness.  Twenty-four  of  the  55  species  were  represented  by 
fewer  than  five  specimens  each.  This  precluded  a  definitive  analysis  of  some 
species'  diets.  Nevertheless,  it  is  apparent  from  this  study  that  many  fish 
feed  extensively  on  the  jetty  biota  while  others  feed  primarily  in  adjacent 
sand  bottom  habitats.  Several  other  species  are  largely  piscivorous,  and  a 
few  feed  principally  on  zooplankton. 
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The  food  habits  of  all  species  examined  are  summarized  below.  Food 
habits  are  compared  among  size  classes  for  those  species  represented  by  at 
least  three  specimens  in  each  of  three  or  more  size  intervals.  The  chosen 
interval  varied  with  the  ultimate  size  of  the  species. 

Mustelus  canis  -  Twenty-five  specimens  of  the  smooth  dogfish  were  analyzed 
from  spring  collections.  These  ranged  in  size  from  590  to  980  mm  (TL)  with 
all  except  five  individuals  falling  in  the  600-  to  700-mm  range.  Decapods 
were  the  most  frequently  encountered  prey  items,  and  were  also  dominant  in 
number  and  volume  (Table  15).  They  included  several  species  of  brachyuran 
and  anomuran  crabs,  as  well  as  some  penaeid  shrimps  (Appendix  3.1). 
Stomatopods  and  fish  ranked  second  and  third,  respectively,  in  percent 
frequency  and  total  volume.  Relatively  small  contributions  to  the  diet  were 
made  by  polychaetes,  bivalves,  and  squid.  One  small  dogfish  (460  mm), 
collected  in  summer,  contained  only  decapods  and  polychaete  fragments  in  its 
stomach.  These  findings  are  consistent  with  those  reported  by  Hildebrand  and 
Schroeder  (1928)  who  noted  that  the  smooth  dogfish  fed  mostly  on  larger 
crustaceans. 

Rhizoprionodon  ter raenovae  -  Menhaden  (Brevoortia  tyrannus)  composed  the 
entire  stomach  contents  of  the  only  sharpnose  shark  (595  mm  TL)  collected 
during  the  course  of  this  study  (Table  15;  Appendix  3.2).  The  food  of  this 
shark  is  known  to  consist  mostly  of  fish  and  crustaceans  (Hildebrand  and 
Schroeder,  1928). 

Sphyrna  lewini  -  A  single  specimen  (755  mm  TL)  of  the  scalloped  hammerhead 
shark  collected  in  spring  contained  only  anchovies  (Anchoa  hepsetus)  and  spot 
(Leiostomus  xanthurus)  in  its  stomach  (Table  15;  Appendix  3.3). 

Sphyrna  tiburo  -  Six  bonnethead  sharks  (545-924  mm  TL)  were  analyzed  from 
spring  and  summer  collections  (Appendix  3.4).  Stomatopods  constituted  >  80  % 
of  the  total  prey  volume  from  spring  specimens;  however,  fish  were 
numerically  dominant  (Table  15).  In  summer  specimens,  decapods  dominated  the 
diet  of  S.  tiburo  both  numerically  and  volumetrically  (Table  16).  Hildebrand 
and  Schroeder  (1928)  reported  the  presence  of  fish,  crabs,  shrimp,  and  other 
crustaceans  in  specimens  of  the  bonnethead  shark. 

Raja  eglanteria  -  Twenty-five  clearnose  skates  (248-615  mm  DW)  were  analyzed 
from  spring  collections  (Appendix  3.5).  Decapods  and  fish  (especially  spot) 
were  consumed  most  frequently  (72  and  60  %  frequency  of  occurrence, 
respectively),  and  these  taxa  constituted  94  %  of  the  total  food  volume  among 
all  skates  examined  (Table  15).  Mysids  were  the  most  numerous  prey  items. 
Crustaceans  and  fish  have  been  cited  by  others  as  the  primary  food  items  of 
clearnose  skate  (Hildebrand  and  Schroeder,  1928)  and  two  congeneric  species, 
as  well  (McEachran  et  al.,  1976).  In  the  smallest  size  class  (200-300  mm 
DW),  decapods  made  up  the  greatest  share  of  total  prey  volume,  but  fish  were 
also  important  (Fig.  10).  In  the  four  larger  size  classes  (400-700  mm  DW), 
fish  (particularly  juvenile  spot)  accounted  for  most  of  the  food  volume, 
indicating  a  trend  toward  an  increasingly  piscivorous  habit  as  skates 
increase  in  size. 


Dasyatis  americana  -  Only  three  specimens  of  the  southern  stingray 
(325-585  mm  DW)  were  collected.  The  diet  of  this  species  was  dominated 
numerically  by  haustoriid  amphipods  and  glycerid  polychaetes;  however,  two 


Table  15.  Percent  volume  displacement  of  major  prev  taxa  consumed  by  predators  in  spring. 
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Atlantic  silversides  (Me nidi a  me nidi  a)  composed  >  75  %  of  the  total  prey 
volume  (Appendix  3.6;  Table  15).  The  food  of  stingrays,  in  general,  has  been 
reported  to  consist  primarily  of  benthic  invertebrates  (Darnell,  1958). 


Dasyatis  sabina  -  A  single  Atlantic  stingray  (304  mm  DW)  was  collected  in 
spring.  Its  diet  was  dominated  numerically  and  volumetrically  by  glycerid 
polychaetes  (Appendix  3.7;  Table  15).  The  anomuran  mud  shrimp  Callianassa 
atlantica  also  made  up  a  substantial  proportion  of  total  prey  volume. 
Hildebrand  and  Schroeder  (1928)  reported  that  specimens  of  this  stingray 
contained  fragments  of  crustaceans  in  their  stomachs. 

Dasyatis  sayi  -  One  individual  (315  mm  DW)  of  the  bluntnose  stingray  was 
collected  in  summer.  Its  stomach  contained  mostly  decapods,  but  also  a  few 
mysids  (Appendix  3.8;  Table  16). 

Gymnura  micrura  -  Spot  accounted  for  >  76  %  of  the  total  prey  volume  in  the 
two  smooth  butterfly  rays  (335-415  mm  DW)  with  food  in  their  stomachs.  The 
caridean  shrimp  Ogyrides  alphaerostris  (Appendix  3.9)  was  the  only  other  prey 
item  encountered.  Hildebrand  and  Schroeder  (1928)  noted  that  little  is  known 
of  the  food  of  this  species,  except  that  it  does  feed  on  crabs  and, 
presumably,  on  other  crustaceans  as  well. 

Myliobatis  freminvillei  -  The  stomach  contents  of  11  bullnose  rays  (307-480 
mm  DW)  consisted  almost  entirely  of  pagurid  crabs  and  gastropod  shell 
fragments  (Table  15;  Appendix  3.10).  Conceivably,  many  of  these  gastropod 
shells  harbored  the  hermit  crabs  prior  to  their  being  ingested,  although  the 
literature  suggests  that  molluscs  themselves  constitute  an  important  food 
source  for  this  species  (Hildebrand  and  Schroeder,  1928). 

El ops  saurus  -  The  single  ladyfish  examined  (205  mm  SL)  contained  one  fish  in 
its  stomach,  the  rough  silverside  Membras  martinica  (Appendix  3.11).  A 
variety  of  fishes  and  penaeid  shrimp  have  been  cited  as  principal  food  items 
for  adult  ladyfish  (Darnell,  1958;  Diener  et  al . ,  1974;  Sekavec,  1974). 
Copepods  and  crab  zoea  are  reputedly  more  important  in  the  diet  of  younger 
ladyfish  (Odum  and  Heald,  1972). 

Conger  oceanic us  -  Al 1  of  the  conger  eels  collected  in  this  study  were  taken 
from  crab  traps  baited  with  menhaden  or  herring,  and  most  of  their  stomachs 
contained  only  bait.  However,  two  specimens  collected  in  summer  also 
contained  other  prey  items  (Table  16;  Appendix  3.12).  These  included  the  red 
cleaning  shrimp  (Lysmata  wurdemanni)  and  the  skilletfish  (Gobiesox  strumosus) 
both  of  which  are  commonly  found  on  stone  jetties  (Hildebrand  and  Schroeder, 
1928;  Williams,  1984).  Hildebrand  and  Schroeder  (1928)  noted  that  conger 
eels  feed  chiefly  on  fish,  but  also  eat  other  prey. 

Opisthonema  oglinum  -  The  food  of  the  three  thread  herrings  analyzed  from 
summer  collections  (156-168  mm  FL)  consisted  primarily  of  nereid  worms  (Table 
16;  Appendix  3,13).  Other  food  items  included  pelagic  copepods,  one  decapod, 
and  some  larval  blennies.  Since  the  food  of  this  species  is  known  to  consist 
largely  of  zooplankton  (Hildebrand  and  Schroeder,  1928;  Carr  and  Adams, 

1973),  it  is  likely  that  the  nereid  worms,  which  are  typically  benthic  in 
habit  as  adults,  were  swarming  in  the  water  column  when  they  were  consumed. 
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Anchoa  hepsetus  -  Three  specimens  of  the  striped  anchovy  were  analyzed 
(47-108  mm  FL) .  In  two  specimens  from  spring  collections,  epifaunal 
amphipods  were  the  most  numerous  prey  items  and  also  constituted  the  greatest 
proportion  of  food  volume  (Appendix  3.14).  Mysids  and  decapods  were  equally 
abundant,  but  decapods  contributed  a  greater  share  of  the  total  prey  volume 
(Table  15).  The  one  striped  anchovy  from  summer  collections  contained  an 
unidentified  majid  crab  as  the  only  prey  item.  Hildebrand  and  Schroeder 
(1928)  noted  that  the  food  of  this  anchovy  consists  almost  entirely  of  small 
crustaceans . 

Arius  felis  -  Three  specimens  of  the  hardhead  catfish  were  taken  in  summer 
collections  (227-288  mm  SL) .  Decapods  and  fish  were  found  in  all  stomachs, 
but  made  up  a  relatively  small  portion  of  the  total  prey  volume  in  comparison 
to  the  squid  Lolliguncula  brevis ,  which  accounted  for  about  73  %  of  the  total 
food  volume  (Table  16;  Appendix  3.15).  Decapods  were  the  most  numerous  prey 
items,  while  the  gooseneck  barnacle  Lepas  pectinata  ranked  second  in 
abundance.  These  results  support  other  evidence  that  A.  felis  is  primarily  a 
bottom  feeder,  but  also  feeds  on  fish,  squid,  and  other  pelagic  prey  items 
(Darnell,  1958;  Diener  et  al . ,  1974;  Odum  and  Heald,  1972). 
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Bagre  mar inus  -  The  one  specimen  of  the  gafftopsail  catfish  collected  (329  mm 
FL)  contained  a  single  unidentifiable  fish  in  its  stomach  (Appendix  3.16). 
Darnell  (1958)  reported  that  this  fish  feeds  primarily  on  blue  crabs  and 
penaeid  shrimp,  although  fishes  and  other  invertebrates  may  also  be  eaten. 
Similar  findings  were  reported  by  Odum  and  Heald  (1972). 

Opsanus  tau  -  The  stomach  contents  of  23  oyster  toadfish  (150-280  mm  TL) 
consisted  mostly  of  decapods,  fish,  barnacles,  and  mussels  (Tables  15-17; 
Appendix  3.17).  Rock  crabs  (Cancer  irroratus)  were  particularly  important  in 
the  diet  of  spring  specimens,  but  were  not  found  in  specimens  taken  in  summer 
or  fall.  This  is  consistent  with  the  ecology  of  the  rock  crab  which  is  known 
to  move  offshore  in  summer  after  it  has  molted  (Williams,  1984).  A  number  of 
other  brachyuran  and  anomuran  crabs,  as  well  as  penaeid  and  caridean  shrimps, 
were  also  present  in  toadfish  stomachs.  Fish  composed  a  large  portion  of  the 
total  food  volume  in  spring  and  summer,  but  not  in  fall,  when  toadfish  fed 
mostly  on  mussels  and  barnacles.  The  Atlantic  silverside  (Menidia  menidia) 
was  the  most  important  prey  item  in  spring  specimens,  while  menhaden 
(Brevoortia  tyrannus)  and  black  sea  bass  (Centropristis  striata)  constituted 
most  of  the  food  volume  in  summer  specimens.  Although  there  were  no 
consistent  trends  in  food  preference  with  increasing  predator  size,  it  should 
be  noted  that  decapods,  particularly  small  mud  crabs  (Pan opeus  herbstii) , 
made  up  most  of  the  prey  volume  among  toadfish  in  the  smallest  size  class, 
while  fish  were  the  dominant  prey  items  in  the  larger  size  classes 
(Fig.  11).  Rock  crabs  replaced  mud  crabs  as  the  dominant  decapod  species 
consumed  by  the  largest  size  class  of  toadfish.  Larger  toadfish  also  ate 
fewer  mussels  and  .barnacles  than  did  smaller  fish.  These  results  support 
previous  observations  that  toadfish  are  omnivorous  bottom-feeders  (Hildebrand 
and  Schroeder,  1928). 
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Gobies ox  strumosus  -  Several  skilletfish  (15-74  mm  TL)  were  collected  during 
all  four  seasons;  their  stomach  contents  consisted  primarily  of  jetty  biota 
(Appendix  3.18).  Amphipods  dominated  the  diet  with  respect  to  frequency, 
number,  and  volume  in  spring  specimens  and  were  also  numerically  dominant  in 
winter  (Tables  15-18).  Isopods,  particularly  Paradella  quadripunctata,  were 
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Table  17.  Percent  volume  displacement  of  major  prey  taxa  consumed  by  predators  in  fall 
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the  most  abundant  prey  items  in  summer  and  fall  (Tables  16-17),  and  ranked 
second  numerically  in  spring  and  winter.  Isopods  and  amphipods  have  been 
cited  as  the  major  prey  items  of  skilletfish  by  other  researchers  as  well 
(Hildebrand  and  Schroeder,  1928;  Odum  and  Heald,  1972).  The  shrimp  Lysmata 
wurdemanni  accounted  for  the  greatest  proportion  of  total  prey  volume  in 
summer,  but  this  species  only  occurred  in  one  skilletfish  stomach,  while  the 
mussel  Brachidontes  exustus  and  the  isopod  Paradella  quadripunctata  ranked 
second  and  third,  respectively,  in  percent  of  total  prey  volume  and  occurred 
with  much  greater  frequency.  Other  prey  items  included  algae,  hydroids, 
gastropods,  ostracods,  copepods,  barnacles,  and  fish.  With  increasing 
predator  size,  isopods  accounted  for  successively  less  of  the  total  prey 
volume,  while  amphipods  decreased  slightly  and  then  increased  dramatically  in 
percent  of  total  prey  volume  (Figure  12).  Molluscs,  particularly  pelecypods, 
constituted  a  greater  proportion  of  the  total  diet  in  the  two  large  size 
classes. 

Urophycis  earlli  -  Two  of  the  four  (160-255  mm  SL)  Carolina  hake  that  were 
collected  contained  food.  Xanthid  and  pinnixid  crabs,  skilletfish,  and 
amphipods  dominated  the  diet  of  this  species  (Tables  15,  17;  Appendix  3.19). 
There  appear  to  be  no  other  published  accounts  of  the  Carolina  hake's  diet. 

Hyporhamphus  unifascia tus  -  Thirty-six  halfbeaks  (133-215  mm  SL)  were 
collected  in  summer  and  fall.  The  diet  of  summer  specimens  consisted 
primarily  of  copepods  and  caprellid  amphipods,  while  that  of  fall  specimens 
was  composed  mostly  of  pinnixid  crabs  and  caprellid  amphipods  (Tables  16,  17; 
Appendix  3.20).  Alga  was  found  in  stomachs  from  both  seasons,  while 
hydroids,  polychaetes,  and  mussels  were  encountered  in  summer  specimens 
only.  There  were  no  obvious  changes  in  food  habits  with  increasing  predator 
size  within  the  range  of  specimens  analyzed.  Hildebrand  and  Schroeder  (1928) 
reported  that  the  food  of  eight  adult  specimens  consisted  of  small 
crustaceans,  molluscs,  and  vegetable  matter. 

Strongylura  marina  -  Twenty-six  of  the  55  specimens  examined  contained  food. 
These  ranged  in  size  from  284-460  mm  (SL),  The  food  of  Atlantic  needlefish 
consisted  principally  of  fish  (Tables  16,  17;  Appendix  3.21).  Thread  herring 
(Opisthonema  oglinum)  dominated  the  diet  of  summer  specimens,  and  rough 
silversides  (Membras  martinica)  were  dominant  in  fall.  Other  prey  items  of 
lesser  importance  included  anchovies,  squid,  polychaetes  and  pinnixid  crabs. 
Other  researchers  have  also  observed  that  this  species  is  almost  exclusively 
piscivorous,  particularly  as  an  adult  (Carr  and  Adams,  1973;  Darnell,  1958; 
Hildebrand  and  Schroeder,  1928). 

Membras  martinica  -  Stomach  contents  of  the  only  rough  silverside  containing 
food  (58  mm  SL)~consisted  entirely  of  zooplankton  (Table  16;  Appendix  3.22). 
Calanoid  copepods  were  the  most  abundant  prey  items  and  also  composed  most  of 
the  food  volume.  Cypris  larvae  and  crab  zoea  were  also  present. 

Menidia  menidia  -  Twenty-five  Atlantic  silversides  (74-90  mm  SL)  were 
examined  from  spring  collections  and  all  contained  food.  Caprellids  and 
other  epifaunal  amphipods  constituted  most  of  the  stomach  contents,  both 
numerically  and  volumetrically  (Table  15;  Appendix  3.23).  Calanoid  copepods 
were  also  abundant  but  contributed  relatively  little  to  the  total  food 
volume.  Other  prey  items  included  juvenile  spot,  crab  zoea,  polychaetes,  and 
bivalves.  These  findings  support  other  evidence  that  Atlantic  silversides 


feed  principally  on  small  crustaceans,  both  in  the  benthos  and  in  the 
plankton  (Adams,  1976;  Bengtson,  1984;  Hildebrand  and  Schroeder,  1928). 

There  were  no  detectable  changes  in  food  habits  with  increasing  predator  size 
within  the  range  of  specimens  examined. 

Syngnathus  fuscus  -  The  northern  pipefish  was  represented  by  26  specimens 
taken  in  spring  collections.  Eight  of  these,  ranging  in  size  from  107-140  mm 
(TL),  contained  food.  Calanoid  copepods  and  epifaunal  amphipods, 
particularly  Caprella  penantis,  constituted  most  of  the  prey  volume  (Table 
15;  Appendix  3.24).  Bryozoans,  the  only  other  prey  items  consumed,  accounted 
for  a  very  small  portion  of  the  diet.  Copepods  and  amphipods  have  been  cited 
as  the  principal  prey  taxa  for  pipefish  by  other  researchers,  as  well  (Adams, 
1976;  Hildebrand  and  Schroeder,  1928). 

Centropristis  striata  -  The  food  habits  of  75  black  sea  bass  (71-218  mm  SL) 
collected  during  spring,  summer,  and  fall  were  analyzed.  These  fish  consumed 
a  wide  variety  of  prey  species,  consisting  largely  of  jetty  biota  and  fish 
(Appendix  3.25).  Some  infaunal  and  soft-bottom  epifaunal  species  were  also 
consumed.  These  findings  support  Steimle  and  Ogren's  (1982)  observation  that 
black  sea  bass  are  "opportunistic  benthic  omnivores."  Amphipods,  especially 
caprellids,  were  the  most  abundant  prey  items  in  spring  and  fall,  but 
accounted  for  relatively  little  of  the  total  prey  volume  (Tables  15  and 
17).  Decapods  were  numerically  dominant  in  summer  (Table  16)  and  also  made 
up  the  largest  share  of  prey  volume  in  spring.  Fish  contributed  almost  as 
much  as  decapods  to  the  total  food  volume  in  spring,  and  accounted  for  most 
of  the  food  volume  in  summer  and  fall.  The  high  proportion  of  fish  in  the 
fall  diet  is  partially  suspect,  however,  since  many  of  the  black  sea  bass 
were  collected  in  traps  baited  with  menhaden  (Brevoortia  tyr annus) ,  the 
species  which  composed  most  of  the  stomach  contents.  Even  discounting  this 
species,  however,  fish  accounted  for  about  one-third  of  the  total  prey  volume 
in  all  seasons.  Other  prey  items  included  algae,  hydroids.  anemones, 
polychaetes,  gastropods,  bivalves,  mysids,  copepods,  isopods,  sipunculans, 
bryozoans,  ophiuroids,  and  ascidians.  In  a  previous  study  of  the  food  habits 
of  black  sea  bass  collected  near  the  Murrells  Inlet  jetty  (Van  Dolah  et  al., 
1984),  decapods  and  fish  were  also  the  dominant  prey  items  (by  volume); 
however,  amphipods  were  much  less  important  numerically  than  they  were  in 
this  study. 

Fish  were  the  dominant  prey  items  in  all  size  classes,  but  were 
increasingly  important  in  the  diet  of  black  sea  bass  with  increasing  predator 
size  (Fig.  13).  Decapods  consistently  ranked  second  in  importance, 
accounting  for  roughly  one-fifth  to  one-third  of  the  total  prey  volume  in  all 
size  classes.  These  results  differ  from  those  reported  for  black  sea  bass 
collected  offshore  in  hard-bottom  habitats  (SCVJMRD,  1984).  In  that  study, 
amphipods  composed  most  of  the  prey  volume  in  the  smallest  size  class 
(50-100  mm),  and  decapods  were  dominant  in  the  101-  to  150-mm  and  the  151-  to 
200-mm  size  classes.  Fish  were  volumetrically  dominant  only  in  black  see 
bass  >  200  mm. 

Pomatomus  saltatrix  -  Seventy-two  bluefish  (182-383  mm  FL)  were  examined  from 
spring,  summer,  and  fall  collections.  These  fish  were  almost  exclusively 
piscivorous,  regardless  of  season  or  size  class  (Figure  14).  The  Atlantic 
silverside.  Me nidi a  menidia,  ranked  first  numerically  and  volumetrically  in 
the  diet  of  spring  specimens,  and  second  in  the  diet  of  fall  specimens 


(Appendix  3.26).  Menhaden  (Brevoortia  tyr annus)  made  up  most  of  the  prey 
volume  in  summer  and  fall,  and  ranked  second  by  volume  in  spring  specimens. 
Silversides  and  menhaden  have  been  cited  by  other  researchers  as  the 
principal  prey  species  of  bluefish  (Grant,  1962;  Hildebrand  and  Schroeder, 
1928).  Bluefish  also  consumed  at  least  10  other  species  of  fish,  including 
other  bluefish,  supporting  the  observation  made  by  Hildebrand  and  Schroeder 
(1928)  that  "the  bluefish  is  a  voracious  feeder,  being  highly  predatory  on 
other  fishes."  Nereid  worms  were  abundant  in  the  diet  of  summer  specimens 
but  accounted  for  relatively  little  of  the  total  prey  volume.  Negligible 
contributions  to  the  diet  of  summer  specimens  were  made  by  the  stomatopod 
Squilla  sp.  and  the  speckled  crab  Arenaeus  cribrarius.  Although 
invertebrates  were  relatively  unimportant  in  the  diets  of  bluefish  examined 
in  this  study,  Gallaway  et  al.  (1981)  found  rock  shrimp  and  penaeid  shrimp  to 
be  important  in  the  diets  of  larger  (450-500  mm  FL)  bluefish  collected  in  the 
Gulf  of  Mexico,  and  Richards  (1976)  noted  that  squid  were  the  most  frequently 
consumed  prey  of  bluefish  collected  from  Long  Island  Sound. 

Chloroscombrus  chrysurus  -  Only  two  specimens  of  the  Atlantic  bumper  (66  and 
160  mm  SL)  contained  food  in  their  stomachs.  None  of  the  prey  items  could  be 
identified  to  the  species  level,  but  the  remains  of  polychaetes,  copepods, 
amph ipods,  and  decapods  were  recognized  (Table  16;  Appendix  3.27).  No  other 
published  accounts  of  this  species'  food  habits  could  be  found. 

Trachinotus  carol inus  -  A  single  Florida  pompano  (166  mm  FL)  contained  one 
hermit  crab  (Pagurus  longicarpus)  in  its  stomach  (Appendix  3.28).  Hildebrand 
and  Schroeder  (1928)  reported  the  presence  of  molluscs,  crustaceans,  fish, 
and  ova  of  unknown  origin  in  the  stomachs  of  pompano. 

Selene  setapinnis  -  The  only  specimen  (162  mm  FL)  of  the  moonfish  that 
contained  food  had  consumed  primarily  squid  (Table  15;  Appendix  3.29). 
Menhaden  composed  a  much  smaller  portion  of  the  diet.  The  moonfish  is 
reported  to  be  carnivorous,  feeding  principally  on  fish  (Hildebrand  and 
Schroeder,  1928). 

Selene  vomer  -  Six  specimens  (107-218  mm  FL)  of  the  lookdown  contained  food. 
Striped  anchovies  (Anchoa  hepsetus)  dominated  the  diet  of  this  fish  in 
summer,  accounting  for  95  %  of  the  total  prey  volume  (Appendix  3.30).  The 
stomach  contents  of  specimens  collected  in  fall  were  dominated  by  the 
caridean  shrimp,  Ogyrides  sp.  These  results  are  consistent  with  those 
reported  by  Hildebrand  and  Schroeder  (1928)  who  found  small  crustaceans  and 
fish  in  the  stomachs  of  their  six  specimens. 

Orthopristis  chrysoptera  -  Pigfish  were  captured  only  in  summer  and  their 
diet  consisted  primarily  of  infaunal  polychaetes  (Table  16;  Appendix  3.31). 
The  burrowing  polychaete,  Arabella  iricolor ,  alone  composed  82  X  of  the  total 
prey  volume  in  the  seven  specimens  (56-246  mm  TL)  examined.  Other  prey  items 
included  gastropods,  bivalves,  isopods,  amphipods,  and  decapods.  Pigfish 
have  been  described  as  omnivores  or  carnivores  feeding  principally  on  benthic 
invertebrates  (Adams,  1976;  Carr  and  Adams,  1973;  Darcy,  1983;  Hildebrand  and 
Schroeder,  1928). 


Archosargus  probat ocephalus  -  Nine  of  the  12  sheepshead  stomachs  examined 
contained  food,  consisting  mostly  of  jetty  biota.  Specimens  from  which  the 
stomachs  were  taken  ranged  in  size  from  100  to  430  mm  (SL).  The  scorched 


mussel  (Brachidontes  exustus)  was  the  most  abundant  prey  item  and  constituted 
most  of  the  food  volume  in  the  only  specimen  collected  in  spring  (Appendix 
3.32).  The  seasonally  variable  abundance  of  mussels  in  the  sheepshead  diet 
has  also  been  observed  by  Odum  and  Heald  (1972).  Epifaunal  amphipods  ranked 
second  numerically,  but  accounted  for  relatively  little  of  the  prey  volume  in 
spring.  In  each  of  the  other  three  seasons,  amphipods  were  numerically 
dominant  and,  in  winter,  they  comprised  the  largest  percentage  of  total  prey 
volume  (Table  18).  The  ascidian  Eudistoma  carolinense  accounted  for  most  of 
the  prey  volume  in  the  only  summer  specimen  collected,  while  algae  dominated 
the  diet,  by  volume,  in  fall.  Other  prey  species  included  hydroids, 
polychaetes,  gastropods,  bivalves,  pycnogonids,  barnacles,  isopods,  decapods, 
bryozoans,  and  echinoderms.  By  contrast.  Van  Dolah  et  al.  (1984)  found  that 
the  diet  of  four  sheepshead  collected  at  Murrells  Inlet  from  1979  through 
1982  consisted  almost  entirely  of  mussels  or  algae.  The  importance  of 
sessile  biota  (particularly  algae  and  mussels)  in  the  diet  of  sheepshead  has 
been  documented  by  other  researchers  as  well  (Gallaway  et  al.  1981; 

Hildebrand  and  Schroeder,  1928;  Lindquist  et  al .  1985;  Overstreet  and  Heard, 
1982;  Sedberry,  in  prep.;  Steimle  and  Ogren,  1982). 

Little  can  be  deduced  about  size-related  changes  in  food  habits,  since 
six  of  the  nine  specimens  analyzed  fell  within  the  200-  to  250-mm  size  range. 
Other  researchers,  however,  have  observed  a  change  in  the  diet  of  sheepshead, 
at  about  35  to  50  mm  (SL),  from  one  consisting  primarily  of  copepods, 
amphipods,  chironomids,  mysids,  and  polychaetes,  to  a  more  diversified  diet 
consisting  mostly  of  encrusting  forms,  including  molluscs,  barnacles,  and 
algae  (Odum  and  Heald,  1972;  Springer  and  Woodburn,  1960).  Ogburn  (1984) 
found  that  juvenile  sheepshead  (52-63  mm  SL)  were  omnivorous,  like  the 
adults,  but  consumed  significantly  greater  volumes  of  filamentous  brown  algae 
and  invertebrates,  and  significantly  less  red  algae  than  the  adults.  In  a 
study  of  the  food  habits  of  sheepshead  collected  from  offshore  hard-bottom 
reefs,  Sedberry  (in  prep.)  noted  that  smaller  sheepshead  (<  350  mm  SL)  had  a 
diet  dominated  by  bryozoans,  whereas  larger  sheepshead  also  fed  heavily  on 
bryozoans  but,  in  addition,  consumed  more  bivalves,  echinoderms,  and 
ascidians  than  their  smaller  counterparts. 

Diplodus  holbrooki  -  Five  specimens  of  the  spottail  pinfish  (100-195  mm  SL) 
were  analyzed  from  spring,  summer,  and  fall  collections.  By  proportion  of 
total  food  volume,  algae  were  dominant  in  spring,  mussels  (Brachidontes 
exustus)  were  dominant  in  summer,  and  amphipods  (primarily  Caprella  penantis) 
were  dominant  in  fall  specimens  (Tables  15-18;  Appendix  3.33). Other  prey 
items  included  hydroids,  gastropods,  barnacles,  isopods,  decapods, 
sipunculans,  and  bryozoans.  Most  of  the  prey  species  consumed  were  typical 
of  the  jetty  biota,  but  some  (e.g.,  the  sipunculans  and  the  phoxocephalid 
amphipod,  Rhepoxynius  epistomus)  were  probably  consumed  in  adjacent  sand 
bottom  habits.  Lindquist  et  al.  (1985)  found  that,  like  sheepshead,  spottail 
pinfish  had  a  diet  dominated  by  algae;  however,  the  latter  species  generally 
consumed  lesser  amounts  of  encrusting  organisms  and  greater  amounts  of 
free-living  amphipods,  copepods,  and  isopods. 

No  changes  in  diet  with  increasing  predator  size  could  be  detected,  on 
the  basis  of  so  few  specimens;  however  Carr  and  Adams  (1973)  observed  three 
major  dietary  trends  for  spottail  pinfish.  Small  juveniles  (11-25  mm  SL) 
were  primarily  planktivorous,  while  larger  juveniles  (21-60  mm  SL)  obtained  a 
"modest"  portion  of  their  diet  by  cleaning  ectoparasites  and  scales  from 
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other  fish.  Carr  and  Adams  (1973)  also  found  that  spottail  pinfish  larger 
than  25  mm  (SL)  became  very  dependent  on  epiphytic  algae,  while  animals 
(including  sponges,  copepods,  shrimp,  mysids,  and  small  crabs)  were  of 
secondary  importance.  Darcy  (1985)  reviewed  several  other  studies  on  the 
food  of  spottail  pinfish. 

Lagodon  rhomboides  -  Pinfish  ranging  in  size  from  62  to  176  mm  (SL),  consumed 
a  wide  variety  of  prey  species  whose  relative  contributions  to  the  diet  of 
this  predator  changed  with  size  and  season  (Tables  15-18;  Appendix  3.34). 
Among  the  eight  pinfish  collected  in  spring,  fish  remains  composed  about  87  % 
of  the  total  prey  volume.  In  summer  specimens,  however,  fish  accounted  for 
only  25  %  of  the  prey  volume,  whereas  algae  made  up  more  than  30  %  and 
decapods  accounted  for  almost  as  much  (21  %)  of  the  total  diet  as  fish. 
Smaller  contributions  were  made  by  amphipods,  hydroids,  mussels,  barnacles, 
mysids,  isopods,  and  bryozoans.  In  fall  specimens,  amphipods  (primarily 
Caprella  penantis  and  Cerapus  tubularis)  dominated  the  diet  both  numerically 
and  volumetrically,  while  mussels  (Brachidontes  exustus)  ranked  second  in 
importance.  Epifaunal  amphipods  also  contributed  most  of  the  prey  volume  in 
winter  specimens;  however  infaunal  polychaetes,  which  composed  almost 
one-third  of  the  diet  in  winter,  were  also  important.  Seasonal  changes  in 
diet  have  been  noted  by  other  researchers  as  well  (Hansen,  1969;  Stoner, 
1980).  Hansen  (1969)  found  that  pinfish  collected  near  Pensacola,  Florida, 
had  consumed  mostly  vegetation  (including  diatoms,  filamentous  algae,  and 
vascular  plants)  in  summer  and  fall;  whereas,  crustaceans  (including 
amphipods,  copepods,  crabs,  cyprids,  isopods,  mysids,  and  shrimp), 
polychaetes,  and  chordates  (Amphioxus  and  fish)  were  the  dominant  food  items 
in  winter  and  spring. 

A  comparison  of  food  habits  among  different  size  classes  (Fig.  15) 
indicates  a  decrease  in  the  importance  of  fish  (blennies,  gobies,  and 
menhaden),  and  an  increase  in  the  importance  of  decapods,  algae,  and  mussels 
with  increasing  predator  size.  Amphipods  were  most  important  in  the 
intermediate  size  class  (126-150  mm  SL).  The  diet  of  pinfish  also  appears  to 
become  more  diverse  with  increasing  size,  as  demonstrated  by  the  fact  that  no 
single  taxon  dominated  the  diet  of  fish  in  the  largest  size  class  (151-175  mm 
SL).  Ontogenetic  changes  in  the  diet  of  pinfish  have  been  well  documented 
(Adams,  1976;  Carr  and  Adams,  1973;  Darcy,  1985;  Darnell,  1958,  1961;  Hansen, 
1969;  Stoner,  1980).  Our  study  results  are  most  similar  to  those  of  Darnell 
(1958)  and  Stoner  (1980),  both  of  whom  noted  a  gradual  transition  from  a  more 
carnivorous  habit  to  a  more  herbivorous  one  (within  the  size  range 
encompassed  by  fish  examined  in  our  study).  Other  researchers  who  have 
investigated  the  food  habits  of  pinfish  include  Diener  et  al .  (1974), 
Hildebrand  and  Schroeder  (1928),  Lindquist  et  al.  (1985),  and  SCWMRD  (1984). 

Cynoscion  nebulosus  -  The  diet  of  the  spotted  seatrout  was  composed  entirely 
of  fish  in  spring  and  fall  (Tables  15,  17;  Appendix  3.35).  Spot  (Leiostomus 
xanthurus)  accounted  for  100  %  of  the  stomach  contents  in  the  spring 
specimen;  whereas,  rough  silversides  (Membras  martinica)  and  thread  herring 
(Opisthonema  ogl inum)  accounted  for  about  97  %  of  the  diet  in  fall 
specimens.  The  diet  of  spotted  seatrout  collected  in  summer  was  somewhat 
more  varied,  although  fish  (primarily,  anchovies,  spot,  and  thread  herring) 
still  made  up  most  of  the  food  volume  (Table  16).  Decapods  (specifically, 
the  caridean  shrimp  Ogyrides  sp.)  were  numerically  dominant  in  summer 
specimens  and  accounted  for  >  15  %  of  the  total  prey  volume.  The  only  other 


prey  items  consumed  were  squid.  Smaller  spotted  seatrout  (250-300  mm  TL) 
consumed  a  higher  percentage,  by  volume,  of  decapods  (18.78  %)  and  squid 
(12.79  %)  than  did  larger  fish  (300-350  mm).  The  comparable  percentages  of 
prey  for  spotted  seatrout  in  the  larger  size  class  were  6.42  %  (decapods)  and 
5.88  %  (squid).  However,  larger  seatrout  consumed  more  fish,  by  volume 
(87.70  %)  than  did  smaller  ones  (68.43  %).  The  food  habits  of  this 
commercially  and  recreationally  important  fish  have  been  studied  and  reviewed 
by  numerous  authors  (Carr  and  Adams,  1973;  Darnell,  1958,  1961;  Mercer, 

1984a;  Odum  and  Heald,  1972;  Overstreet  and  Heard,  1982;  Pearson,  1929). 

Fish  constituted  the  major  food  source  in  most  of  these  studies,  with 
crustaceans  (usually  penaeid  and  palaemonid  shrimp)  ranking  second  in 
importance.  Pearson  (1929),  however,  noted  that  shrimp  (usually  Penaeus) 
were  more  important  than  fish  in  the  diet  of  spotted  seatrout  collected  along 
the  Texas  coast,  regardless  of  predator  size.  Other  researchers  have 
reported  seasonal  and  size-related  shifts  in  the  relative  importance  of  fish 
and  crustaceans  in  the  diet  of  spotted  seatrout  (Darnell,  1958;  Hildebrand 
and  Schroeder,  1928;  Overstreet  and  Heard,  1982).  In  all  of  these  studies, 
as  in  our  study,  crustaceans  were  more  important  as  prey  among  smaller 
seatrout,  while  fish  composed  a  greater  share  of  the  diet  among  larger 
seatrout. 

Cynoscion  regal is  -  The  stomach  contents  of  12  weakfish  (255-400  mm  TL) 
collected  during  spring,  summer,  and  fall  consisted  entirely  of  fish 
(Tables  15-18;  Appendix  3.36).  Spot  (Leiostomus  xanthurus)  composed  most  of 
the  prey  volume  in  spring  specimens  while  thread  herring  (Opisthonema 
oglinum)  accounted  for  most  of  the  prey  volume  in  summer.  The  stomach 
contents  of  fall  specimens  were  composed  almost  equally  of  anchovies  (Anchoa 
hepsetus)  and  spot.  Smaller  weakfish  (250-300  mm  TL)  consumed  thread  herring 
and  spot  in  equal  proportions  (39  %,  by  volume,  for  each  species),  while  the 
rest  of  their  diet  consisted  of  anchovies.  Larger  weakfish  (>  300  mm  TL)  ate 
mostly  spot  (85  %,  by  volume),  with  smaller  amounts  of  anchovies  (10  %), 
silversides  (2  %),  thread  herring  (<  1  %),  and  unidentified  fish  remains 
(3  %)  composing  the  rest  of  their  diet.  Merriner  (1975)  reported  that  the 
dominant  food  items  in  stomachs  of  weakfish  collected  in  North  Carolina 
waters  were  penaeid  and  mysid  shrimp,  anchovies,  and  clupeid  fishes.  Among 
the  fish  consumed,  thread  herring  were  most  important,  while  anchovies  and 
menhaden  ranked  second  and  third,  respectively.  Smaller  weakfish  fed  more  on 
mysids,  and  larger  weakfish  fed  more  on  fishes  in  Merriner's  (1975)  study. 
Chao  and  Musick  (1977)  reported  that  fish  (mostly  Anchoa  mitchilli)  and 
planktonic  crustaceans  (primarily  the  mysid  Neomysis  americana)  constituted 
the  major  portion  of  the  diet  of  weakfish  collected  from  the  York  River 
Estuary,  Virginia.  Neomysis  americana  and  fish  were  also  important  in  the 
diet  of  weakfish  collected  in  estuaries  between  Georgetown,  South  Carolina 
and  Jacksonville,  Florida  (Stickney  et  al.,  1975). 

Leiostomus  xanthurus  -  Stomachs  from  postlarval,  juvenile,  and  adult  spot 
(12-208  mm  SL)  were  examined  from  all  four  seasons.  Their  diet  appeared  to 
consist  of  prey  from  both  jetty  and  sand-bottom  habitats  (Appendix  3.37). 
Amphipods  accounted  for  >  50  %  of  the  total  prey  volume  in  spring  and  fall, 
and  >  80  %  of  the  total  prey  volume  in  winter  specimens  (Tables  15,  17,  and 
18).  Copepods  (mostly  pelagic  forms)  ranked  second  by  volume  displacement  in 
spring  specimens  but  were  unimportant  in  the  diet  of  spot  during  other 
seasons.  A  similar  seasonal  decline  in  the  consumption  of  zooplankton  has 
been  reported  by  Currin  et  al.  (1984).  Pelecypods,  primarily  coquina  clams 


(Donat  variabilis),  ranked  first  by  volume  displacement  in  summer  specimens, 
while  decapods  and  mysids  ranked  second  and  third,  respectively,  contributing 
almost  equal  shares  to  the  total  prey  volume.  The  mussel  Brachidontes 
exustus  composed  almost  half  of  the  food  volume  in  fall,  but  relatively 
little  during  other  seasons.  Additional  prey  items  included  algae,  hydroids, 
polychaetes,  gastropods,  cumaceans,  barnacles,  isopods,  bryozoans, 
ophiuroids,  and  ascidians.  As  a  consequence  of  its  diversity  of  prey,  spot 
has  been  described  as  an  omnivore  by  some  researchers  (Kobylinski  and 
Sheridan,  1979)  and  as  an  opportunistic  generalist  by  others  (Currin  et  al. 
1984) . 

Spot  exhibited  a  marked  change  in  food  habits  with  increasing  size 
(Fig.  16).  In  the  smallest  size  class  (1-25  mm),  copepods  accounted  for 
almost  two-thirds  of  the  total  prey  volume,  and  amphipods  constituted  the 
other  third.  In  the  next  larger  size  class  (26-50  mm)  amphipods  were  the 
dominant  taxon,  contributing  more  than  two-thirds  of  the  total  prey  volume, 
while  copepods  decreased  drastically  in  importance.  In  the  third  size  class 
(151-175  mm),  amphipods  were  still  dominant  but  accounted  for  somewhat  less 
of  the  total  prey  volume  than  in  the  smaller  size  class,  whereas  the  relative 
volume  of  pelecypods  was  substantially  greater  than  it  was  in  smaller 
specimens.  Brachidontes  exus tus  accounted  for  23  %,  and  D.  variabilis 
accounted  for  12  %  of  the  prey  volume  in  this  size  class.  This  trend  toward 
a  greater  consumption  of  bivalves  (particularly  mussels)  and  a  smaller 
consumption  of  amphipods  continued  with  increasing  predator  size  (176-200  mm 
SL) .  In  this  size  class,  B.  exustus  accounted  for  46  %  while  D.  variabilis 
accounted  for  only  5  %  of  the  total  prey  volume,  suggesting  an  increased 
dependence  on  jetty  fauna  as  food  for  adult  spot. 

As  one  of  the  dominant  estuarine  finfishes  in  the  Southeast,  spot  have 
been  included  in  numerous  investigations  and  reviews  of  food  habits  (Adams, 
1976;  Chao  and  Musick,  1977;  Currin  et  al.,  1984;  Darnell,  1958,  1961;  Diener 
et  al.,  1974;  Govoni  et  al.,  1983,  1986;  Hales  and  Van  den  Avyle,  1985; 
Hildebrand  and  Schroeder,  1928;  Hodson  et  al.,  1981;  Kjelson  et  al.,  1975; 
Kobylinski  and  Sheridan,  1979;  Roelofs,  1954;  Sheridan  and  Trisun,  1983;  Smith 
et  al.,  1984;  Stickney  et  al.,  1975).  It  is  apparent  from  many  of  these 
studies  that  the  diet  of  spot  changes  both  ontogenetically  and  with  habitat. 

A  fairly  consistent  trend,  which  was  also  observed  in  this  study,  is  one  in 
which  larval  and  postlarval  spot  (up  to  25  mm  SL)  feed  almost  exclusively  on 
zooplankton,  while  juveniles  and  adults  switch  to  a  primarily  benthic  mode  of 
feeding,  consuming  both  infaunal  and  epifaunal  organisms.  In  eelgrass 
communities  and  other  marsh  systems,  detritus  may  be  the  dominant  food  for 
spot,  especially  larger  ones  that  have  changed  to  a  bottom-feeding  habit 
(Adams,  1976;  Darnell,  1958,  1961;  Chao  and  Musick,  1977).  Aside  from  the 
current  study,  there  have  been  no  published  reports  on  the  diet  of  spot 
collected  near  rubble  weir  jetties. 

Menticirrhus  americanus  -  Five  southern  kingfish  (227-278  mm  SL)  were 
analyzed  from  spring,  summer,  and  fall  collections  (Tables  15-17;  Appendix 
3.38).  Decapods  dominated  the  diet  of  this  species  in  all  three  seasons.  The 
pinnotherid  crab  Pinnixa  cristate  composed  100  %  of  the  stomach  contents  of 
the  spring  specimen.  The  stomach  contents  of  the  only  specimen  collected  in 
summer  consisted  mostly  of  the  caridean  shrimp  Ogyr ides  hayi,  with  lesser 
amounts  of  the  stomatopod  Nanosquilla  sp.  The  mole  crab  (Emerita  talpoida) 
was  dominant,  by  volume,  in  fall  specimens,  while  unidentified  fish  remains 


ranked  second.  Other  prey  included  algae  and  mussels.  These  results  are 
generally  consistent  with  those  of  Hildebrand  and  Schroeder  (1928)  who  noted 
that  the  food  of  this  fish,  as  shown  by  the  contents  of  21  stomachs,  consists 
primarily  of  crustaceans  and  secondarily  of  fish.  Bearden  (1963)  observed 
that  species  of  the  genus  Menticirrhus  are  primarily  bottom  feeders  and  that 
crustaceans  and  polychaetes  were  the  most  frequent  items  in  the  diet  of  all 
sizes  of  M.  amer icanus  examined. 

Menticirrhus  littoralis  -  The  diet  of  41  gulf  kingfish  (239-368  mm  SL), 
collected  in  spring,  summer,  and  fall  consisted  almost  entirely  of  decapods 
(Tables  15-17;  Appendix  3.39).  These  included  a  number  of  brachyuran  crabs, 
as  well  as  penaeid  and  caridean  shrimps.  The  mole  crab  dominated  the  stomach 
contents  of  spring  and  fall  specimens,  by  volume  displacement;  whereas, 
summer  specimens  had  diets  composed  almost  equally  of  the  caridean  shrimp 
Ogyrides  hayi  and  the  portunid  crab  Ovalipes  ocellatus.  Haustoriid  amphipods 
and  pelecypods  were  abundant  in  the  diets  of  spring  and  summer  specimens, 
respectively;  however,  neither  taxonomic  group  accounted  for  much  of  the  prey 
volume.  Other  prey  items  included  gastropods,  mysids,  and  fish.  While 
pelecypods  did  not  constitute  a  substantial  portion  of  the  total  prey  volume 
in  any  one  season,  bivalves  (particularly  Donax  variabilis)  were  important  in 
the  diet  of  small  (201-250  mm  SL)  gulf  kingfish  (Figure  17).  Larger  gulf 
kingfish  (>  250  mm  SL)  consumed  decapods  almost  exclusively.  Bearden  (1963) 
found  that  juveniles  (25-80  mm  SL)  had  fed  almost  entirely  on  beach  fleas 
(Orchestia  sp.),  while  adults  had  eaten  fish,  mole  crabs  (Erne r it  a  sp.),  and 
stomatopods  (Squilla  sp.).  Hildebrand  and  Schroeder  (1928)  found  only 
crustaceans  in  the  stomachs  of  specimens  collected  from  the  Chesapeake  Bay. 

Micropogonias  undulatus  -  The  stomach  contents  of  four  Atlantic  croaker 
(176-267  mm  SL)  collected  in  summer  consisted  almost  entirely  of  decapods 
(Table  16;  Appendix  3.40).  Penaeid  shrimp  made  up  more  than  half  of  the 
total  food  volume,  and  unidentified  decapod  remains  constituted  most  of  the 
remainder.  Other  prey  items  included  mysids  and  caridean  shrimp.  Like  spot, 
croaker  is  one  of  the  most  abundant  estuarine  finfishes  in  the  Southeast 
(although  the  numbers  collected  in  this  study  do  not  reflect  this  fact). 
Consequently,  its  food  habits  have  been  the  subject  of  numerous 
investigations  (Chao  and  Musick,  1977;  Currin  et  al.,  1984;  Darnell,  1958, 
1961;  Diener  et  al.  1974;  Govoni  et  al.,  1983,  1986;  Hansen,  1969;  Kobylinski 
and  Sheridan,  1979;  Overstreet  and  Heard,  1978b;  Pearson,  1929;  Reid  et  al., 
1956;  Roelofs,  1954;  Sheridan  and  Trimm,  1983;  Stickney  et  al.,  1975).  Many 
of  the  comments  concerning  ontogenetic,  seasonal,  and  regional  differences  in 
the  diet  of  spot  are  relevant  to  croaker  as  well.  Croaker,  however,  have 
been  reported  to  feed  less  on  meiofauna  and  more  on  large  motile  epifauna 
than  spot  (Currin  et  al.,  1984).  Other  differences  between  the  diets  of 
these  two  sciaenids  have  been  related  to  feeding  behavior  and  gill  raker 
morphology  (Chao  and  Musick,  1977;  Roelofs,  1954).  Larval  and  postlarval 
croaker  feed  on  zooplankton,  while  juveniles  feed  on  small  benthic 
invertebrates  (especially  polychaetes,  bivalves,  and  amphipods),  as  well  as 
small  fish  and  organic  debris  (Currin  et  al.,  1984;  Darnell,  1958;  Pearson, 
1929).  Large  croaker  (such  as  those  examined  in  this  study)  feed  more  on 
larger  crustaceans,  especially  penaeid  shrimp  and  crabs  (Hansen,  1969; 
Overstreet  and  Heard,  1978b;  Pearson,  1929).  Croaker  have  been  variously 
described  as  omnivores  (Kobylinski  and  Sheridan,  1979)  or  carnivores  (Hansen, 
1969),  depending  upon  whether  the  vegetation  component  was  viewed  as 
important  or  incidental  in  the  diet  of  this  fish. 
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Pogonias  cromis  -  The  diet  of  12  black  drum  (222-463  mm  SL)  collected  during 
spring,  summer,  and  fall  sampling  periods,  consisted  primarily  of  mussels 
(Appendix  3.41;  Tables  15-17).  Brachidontes  exustus  accounted  for  at  least 
two-thirds  of  the  prey  volume  during  each  of  the  three  seasons.  Decapods, 
especially  brachyuran  crabs,  were  important  in  the  diet  of  black  drum 
collected  in  spring  and  summer,  but  not  in  fall.  Other  prey  items  present  in 
smaller  amounts  included  algae,  hydroids,  polychaetes,  gastropods,  barnacles, 
mysids,  isopods,  amphipods,  ascidians,  and  fish.  Smaller  black  drum 
(300-400  mm  SL)  consumed  more  decapods  (37  %  by  volume)  and  fewer  mussels 
(62  %  by  volume)  than  larger  black  drum,  which  fed  almost  exclusively  on 
mussels  (98  %  by  volume).  These  results  are  consistent  with  those  reported 
in  the  literature  (Darnell,  1958,  1961;  Diener  et  al . ,  1974;  Hildebrand  and 
Schroeder,  1928;  Overstreet  and  Heard,  1982;  Pearson,  1929).  Hildebrand  and 
Schroeder  (1928)  noted  that  the  black  drum  is  a  bottom-feeder  relying  mostly 
on  molluscs  and  crustaceans,  which  it  is  able  to  crush  before  swallowing. 
Darnell  (1958)  suggested  that  very  young  drum  (<  100  mm)  feed  on  planktonic 
or  bottom-dwelling  "microcrustaceans, "  while  individuals  within  the  100-  to 
200-mm  class  are  largely  dependent  on  small  molluscs,  crustaceans,  fish,  and 
annelids.  Larger  individuals  (>  500  mm)  were  found  by  Darnell  (1958)  to 
subsist  mostly  on  molluscs.  Similarly,  Pearson  (1929)  observed  that  smaller 
black  drum  (<  200  mm),  having  less  powerful  crushing  teeth,  were  more  apt  to 
prey  on  softer  food  organisms  (e.g.,  fish,  worms,  and  small  crustaceans), 
while  medium-sized  drum  (210-500  mm)  abandoned  the  softer  prey  for  molluscs, 
crabs,  and  shrimp.  The  largest  specimens  in  Pearson's  (1929)  study 
(800-990  mm)  consumed  mostly  molluscs. 

Sciaenops  ocellatus  -  The  stomach  contents  of  five  red  drum  (242-462  mm  SL) 
collected  in  summer  and  fall  consisted  entirely  of  fish  and  decapods  (Tables 
16  and  17;  Appendix  3.42).  In  summer  specimens,  fish  (primarily  anchovies) 
constituted  most  of  the  prey  volume,  although  decapods  were  more  abundant. 
Penaeid  shrimp  accounted  for  most  of  the  prey  volume  in  fall  specimens  and 
were  numerically  dominant,  as  well. 

Although  there  were  too  few  specimens  collected  in  this  study  to  draw  any 
conclusions  about  size-related  changes  in  diet,  other  researchers  have 
observed  such  differences  (Bass  and  Avault,  1975;  Darnell,  1958;  Hildebrand 
and  Schroeder,  1928;  Mercer,  1984b;  Odum  and  Heald,  1972;  Overstreet  and 
Heard,  1978a).  Bass  and  Avault  (1975)  found  that  red  drum  collected  from  a 
Louisiana  salt  marsh  exhibited  three  modes  of  feeding  as  a  function  of  body 
size:  1)  fish  <  15  mm  SL  consumed  zooplankton;  2)  fish  between  15  and 
75  mm  SL  fed  on  small  benthic  invertebrates  and  fish  fry;  and  3)  fish 
>  75  mm  SL  ate  larger  crustaceans  and  fish.  Crabs,  shrimp,  and  fish  were  the 
prey  most  often  consumed  by  adult  specimens  in  all  of  the  studies  cited 
above;  however,  their  relative  importance  in  the  diet  of  red  drum  appeared  to 
change  seasonally,  as  well  as  with  habitat  and  size  of  the  adult  (Boothby  and 
Avault,  1971;  Overstreet  and  Heard,  1978a).  Blue  crabs  are  reputedly  more 
important  in  the  diet  of  red  drum  collected  from  inshore  habitats,  while 
penaeid  shrimp  are  predominant  in  the  diet  of  red  drum  collected  from  marine 
waters  (Darnell,  1958).  The  latter  situation  seems  to  prevail  among  red  drum 
collected  near  the  jetties  at  Murrells  Inlet,  as  well.  Pearson  (1929) 
observed  that  red  drum  consume  both  benthic  and  pelagic  prey,  suggesting  that 
the  feeding  habits  of  this  species  are  intermediate  between  the 
bottom-feeding  black  drum  and  the  pelagic  predator,  the  spotted  seatrout. 


Chaetodipterus  faber  -  The  stomach  contents  of  eight  spadefish 
(135-230  mm  SL)  collected  in  summer  and  fall  consisted  almost  entirely  of 
jetty  biota  (Tables  16  and  17;  Appendix  3.43).  Algae  was  the  most  frequently 
consumed  food  in  summer,  while  amphipods  (primarily  the  corophoid  Cerapus 
tubular is)  were  the  most  abundant  prey  items.  Sponge  tissue  composed  most  of 
the  food  volume  in  summer  specimens,  but  was  not  present  in  either  of  the  two 
stomachs  examined  from  fall  collections.  In  the  two  fall  specimens, 
amphipods  (primarily  Caprella  penantis)  were  dominant,  both  numerically  and 
volumetrically,  while  algae  ranked  second,  by  volume.  Unidentified  anemones 
were  important  in  the  diet  of  both  summer  and  fall  specimens,  ranking  second 
by  volume  in  summer  and  third  by  volume  in  fall.  Other  prey  items  included 
hydroids  (which  occurred  frequently  in  both  seasons),  octocorals, 
pycnogonids,  isopods,  decapods,  bryozoans,  ophiuroids,  and  ascidians.  These 
results  are  similar  to  those  reported  by  Van  Dolah  et  al.  (1984)  in  that 
sessile  biota,  particularly  sponges,  constituted  most  of  the  food  volume  in 
spadefish  collected  in  both  studies.  The  importance  of  algae  and  sessile 
epifauna  in  the  diet  of  spadefish  has  been  documented  by  other  researchers  as 
well  (Gallaway  et  al.,  1981).  Randall  and  Hartman  (1968)  reported  that  7  of 
22  spadefish  with  food  in  their  stomachs  had  eaten  only  sponges.  Additional 
food  items  reported  in  the  literature  include  pteropods,  fish,  pelecypods, 
small  crustaceans,  and  organic  debris  (Hildebrand  and  Schroeder,  1928;  Reid 
et  al.,  1956). 

Tautoga  onitis  -  Eleven  tautog  collected  in  spring,  summer,  and  fall 
(188-288  mm  SL)  fed  mostly  on  jetty  biota;  however,  there  were  marked 
seasonal  differences  in  the  proportions  of  the  various  food  items  consumed 
(Tables  15-17;  Appendix  3.44).  The  mussel  Brachidontes  exustus  composed 
almost  two-thirds  of  the  prey  volume  in  spring,  but  less  than  one-third  in 
summer  specimens.  This  decline  in  mussel  consumption  continued  into  fall, 
when  B.  exustus  accounted  for  <  7  %  of  the  tautog's  diet.  Barnacles  (Balanus 
improvisus)  were  the  most  important  food  items  in  summer  specimens  but  were 
not  consumed  during  any  other  season.  Decapods  (mostly  xanthid  crabs)  ranked 
second  in  spring  and  third  in  summer,  by  volume  displacement.  Amphipods, 
primarily  the  corophoid  Cerapus  tubularis,  were  numerically  and 
volumetrically  dominant  in  the  two  fall  specimens.  Other  prey  items  included 
algae,  hydroids,  polychaetes,  gastropods,  pycnogonids,  isopods,  bryozoans, 
and  ascidians.  In  this  study,  there  were  no  obvious  dietary  changes  with 
increasing  size  of  the  tautog,  within  the  range  of  specimens  examined; 
however,  Lindquist  et  al.  (1985)  found  that  larger  tautog  consumed  greater 
quantities  of  mussels  (B.  exustus) ,  while  smaller  tautog  (<  120  mm  SL)  ate 
more  caprellid  and  gammarid  amphipods.  Lindquist  et  al .  (1985)  concluded 
from  their  dietary  analyses  that  tautog  around  rubble-mound  jetties  in  North 
Carolina  are  dependent  on  reef-associated  prey.  In  contrast  to  these 
findings,  Steimle  and  Ogren  (1982)  found  that,  although  tautog  collected  at 
artificial  reef  sites  in  the  New  York  Bight  fed  extensively  on  reef-related 
faunal  groups,  tautogs  consumed  even  greater  quantities  of  nonreef  fauna  such 
as  sand  dollars  and  Cancer  crabs.  The  authors  concluded  that  the  tautog  is 
an  "opportunistic  benthic  omnivore"  that  is  not  obligated  for  sustenance  to 
the  sessile  biota  on  artificial  reefs.  Hildebrand  and  Schroeder  (1928) 
observed  that  the  food  of  tautog  is  varied,  consisting  largely  of  small 
molluscs  and  crustaceans,  and  is  nearly  identical  to  that  of  the  sheepshead. 
011a  et  al.  (1974)  reported  that  the  blue  mussel,  Mytilus  edulis,  was  the 
principal  food  for  tautog  collected  along  the  south  shore  of  the  Great  South 
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Bay,  Long  Island,  New  York.  The  only  tautog  collected  near  the  Murrells 
Inlet  jetty  by  Van  Dolah  et  al.  (1984)  had  been  feeding  on  isopods, 
amphipods,  and  decapods  commonly  found  on  the  rocks. 

Astroscopus  y-graecum  -  One  specimen  of  the  southern  stargazer  (260  mm  SL) 
was  collected  in  summer.  Its  stomach  contained  a  single  red  cleaning  shrimp 
(Lysmata  wurdemanni) ,  which  constituted  most  of  the  food  volume,  and  the 
remains  of  an  unidentified  fish  (Appendix  3.45).  Diener  et  al .  (1974) 
reported  the  presence  of  fish  in  the  stomach  of  one  small  southern  stargazer 
(45  mm  SL) ,  while  Hildebrand  and  Schroeder  (1928)  found  fish  and  isopods  in 
four  stomachs  of  a  more  northern  congeneric  species  (Astroscopus  guttatus) . 

Hypleurochilus  geminatus  -  The  stomach  contents  of  70  crested  blennies 
(26-79  mm  TL)  reflected  the  intimate  association  of  this  species  with  the 
jetties  (Appendix  3.46).  The  diet  of  specimens  collected  in  spring  consisted 
primarily  of  caprellid  and  gammarid  amphipods  (Table  15).  These  faunal 
groups  composed  a  negligible  portion  of  the  blenny's  diet  in  summer,  when  H. 
gemina tus  fed  mostly  on  hydroids,  ascidians,  and  bryozoans  (Table  16). 
Hydroids  were  dominant  in  the  diets  of  fall  and  winter  specimens,  as  well 
(Tables  17-18).  Mussels  and  amphipods  were  also  important  in  the  diet  of 
fall  specimens,  while  isopods  were  more  important  in  winter.  These  results 
suggest  a  greater  dependence  on  motile  epifauna  during  spring,  and  on  sessile 
epifauna  during  the  other  three  seasons.  Additional  prey  items  included 
algae,  polychaetes,  gastropods,  pelecypods  (other  than  mussels),  pycnogonids, 
copepods,  ostracods,  cumaceans,  barnacles  and  decapods.  Smaller  crested 
blennies  (25-50  mm  SL)  consumed  greater  quantities  of  ascidians  and  smaller 
quantities  of  mussels  than  did  larger  blennies  (51-75  mm  SL).  However,  fish 
in  both  size  classes  consumed  mostly  hydroids  and  amphipods.  The  dietary 
dependence  of  crested  blennies  on  sessile  and  motile  epifauna  associated  with 
reef-like  structures  has  been  documented  by  other  researchers  as  well 
(Gallaway  et  al.,  1981;  Lindquist  and  Dillaman,  1986;  SCWMRD,  1984). 

Hypsoblennius  hentzi  -  Like  the  crested  blenny,  the  feather  blenny  fed  mostly 
on  jetty  biota  (Appendix  3.47).  Forty-five  feather  blennies  (19-62  mm  TL) 
were  analyzed  from  all  four  seasons  (Tables  15-18).  Caprellid  and  gammarid 
amphipods  dominated  the  stomach  contents  (by  volume  displacement)  of 
specimens  collected  in  spring  and  fall.  These  taxa  were  also  dominant  in  the 
stomachs  of  feather  blennies  collected  from  the  littoral  and  sublittoral 
zones  of  southeastern  North  Carolina  (Lindquist  and  Dillaman,  1986). 
Tubicolous  polychaetes  were  the  dominant  prey  taxa  in  summer,  and  isopods 
were  dominant  in  winter.  Barnacle  cirri  ranked  second  during  spring,  summer, 
and  fall,  accounting  for  about  one-third  of  the  total  prey  volume  in  each  of 
the  three  seasons.  Hydroids  and  polychaetes  were  the  only  prey  items,  other 
than  isopods,  consumed  in  winter.  Ascidians,  mussels,  bryozoans,  decapods, 
ostracods,  and  foraminiferans  were  also  consumed  in  one  or  more  seasons. 
Smaller  feather  blennies  (1-25  mm  TL)  ate  greater  quantities  of  barnacle 
cirri  and  tubicolous  polychaetes,  and  smaller  quantities  of  caprellid  and 
gammarid  amphipods  than  did  larger  blennies  (25-50  mm  TL).  Hildebrand  and 
Schroeder  (1928)  found  that  the  food  of  this  blenny  consists  of  small 
crustaceans,  molluscs,  and  ascidians, 

Gobiosoma  ginsburgi  -  The  87  seaboard  gobies  (12-42  mm  TL)  collected  during 
all  four  seasons  contained  a  wide  variety  of  prey  items  from  both  jetty  and 
nonjetty  habitats  (Appendix  3.48).  Caprellid  and  gammarid  amphipods 
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accounted  for  the  greatest  percentage  of  total  prey  volume  in  every  season 
(Tables  15-18).  The  importance  of  amphipods  in  the  diet  of  this  goby  appears 
to  increase  steadily  from  a  low  in  summer  to  a  high  in  spring.  In  addition 
to  amphipods.  copepods.  as  well  as  tubicolous  polychaetes  and  mussels,  were 
important  in  the  diet  of  summer  specimens.  Mussels  were  the  only  prey  items, 
other  than  amphipods,  that  composed  a  substantial  proportion  of  the  total 
prey  volume  in  fall.  Isopods  and  tubicolous  polychaetes  were  secondarily 
important  in  the  diet  of  winter  specimens.  Amphipods  and  mussels  were  the 
dominant  prey  for  both  small  (1-25  mm  SL)  and  large  (26-50  mm  SL)  gobies; 
however,  copepods  were  consumed  only  by  fish  in  the  smaller  size  class. 
Hildebrand  and  Schroeder  (1928)  noted  that  two  specimens  of  the  seaboard  goby 
had  fed  on  small  crustaceans,  chiefly  Gamma rus.  Monroe  and  Lotspeich  (1979) 
found  that  seaboard  gobies  collected  from  Rhode  Island  waters  had  eaten  a 
variety  of  benthic  invertebrates  but  fed  most  heavily  on  harpacticoid 


copepods. 


Scomberomorus  cavalla  -  One  king  mackerel  (190  mm  FL)  collected  in  summer 
contained  only  anchovies  (Anchoa  hepsetus)  in  its  stomach  (Appendix  3.49). 
Naughton  and  Saloman  (1981)  reported  that  juvenile  king  mackerel  (100-400  mm) 
collected  near  Cape  Canaveral  consumed  mostly  fish,  along  with  small 
quantities  of  squid.  Berrien  and  Finan  (1977)  cite  several  studies  that 
demonstrate  £>.  cavalla  is  a  carnivore,  feeding  principally  on  fish, 
crustaceans  and  molluscs. 


Scomberomorus  maculatus  -  The  food  of  27  Spanish  mackerel  collected  in  summer 
and  fall  (253-418  mm  FL)  consisted  entirely  of  fish  (Tables  16  and  17; 
Appendix  3.50).  Thread  herring  (Opisthonema  ogl inum)  constituted  most  of  the 
food  volume  in  summer;  whereas,  silversides  (Membras  martinica)  and  anchovies 
(Anchoa  hep se tus)  were  the  only  prey  species  consumed  in  fall.  Fish 
(primarily  engraulids  and  clupeids)  also  composed  most  of  the  food  volume  in 
stomachs  of  juvenile  (100-400  mm  SL)  Spanish  mackerel  collected  from  Cape 
Canaveral  and  Galveston  Bay  (Naughton  and  Saloman,  1981).  Berrien  and  Finan 
(1978)  review  other  studies  on  the  food  habits  of  S.  maculatus. 


Peprilus  alepidotus  -  The  stomach  contents  of  nine  harvestfish 
(125-154  mm  SL)  collected  in  spring  consisted  mostly  of  unidentifiable 
flocculent  debris.  However,  fish  scales  were  easily  recognized  and  composed 
most  of  the  identifiable  food  (Appendix  3.51).  The  only  other  recognizable 
prey  were  gastropod  shell  fragments.  Our  findings  are  similar  to  those  of 
Hildebrand  and  Schroeder  (1928)  who  found  that  the  stomach  contents  of  this 
fish  "are  always  ground  to  a  pulp";  however,  occasionally  fish  bones  and 
scales  could  be  detected.  Mansueti  (1963)  described  a  symbiotic  association 
between  the  harvestfish  and  the  sea  nettle,  Chrysaora  quinquecirrha.  The 
association  is  initially  commensal,  but  becomes  ectoparasitic  as  the  fish 
later  feeds  upon  its  host.  This  relationship  was  observed  in  the  Chesapeake 
Bay  from  July  to  October,  after  which  the  harvestfish  became  non-symbiotic 
but  continued  to  feed  through  autumn  as  a  predator  on  jellyfish. 


Paralichthys  dentatus  -  One  summer  flounder  (152  mm  SL)  collected  in  spring 
had  fed  primarily  on  mysids  (Neomysis  americana)  and,  to  a  lesser  extent,  on 
the  portunid  crab  Ovalipes  ocellatus  (Appendix  3.52).  Similarly,  Smith  et 
al.  (1984)  found  that  small  summer  flounder  (81-160  mm  SL)  collected  in  marsh 
habitats  consumed  substantial  quantities  of  the  mysid  Neomysis  americana, 
although  fish  were  the  major  prey  of  summer  flounder  in  that  study.  Fish 
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have  been  reported  to  be  the  primary  food  of  summer  flounder  by  several  other 
authors  86  well  (Adams,  1976;  Hildebrand  and  Schroeder,  1928;  Langton  and 
Bowman,  1981).  Additional  prey  items  noted  in  these  studies  include  squids, 
shrimps,  crabs,  molluscs,  worms,  and  sand  dollars. 

Paralichthys  lethostigga  -  One  southern  flounder  (395  mm  SL)  collected  in 
fall  had  fed  on  an  undetermined  species  of  kingfish  (Menticirrhus  sp.) 
(Appendix  3.53).  No  other  prey  items  were  found  in  its  stomach.  Darnell 
(1958)  reported  that  adult  southern  flounder  (113-380  mm)  collected  from  Lake 
Pontchartrain,  Louisiana, were  "highly  predaceous,"  having  fed  on  a  variety  of 
small  fishes  and  smaller  quantities  of  crshs,  shrimps,  and  other 
invertebrates.  Overstreet  and  Heard  (1982)  found  that  fishes  and  penaeid 
shrimps  constituted  the  major  prey  items  of  southern  flounder  collected  from 
Mississippi  Sound.  The  latter  two  authors  present  a  comprehensive  review  of 
recent  literature  on  the  food  habits  of  the  southern  flounder. 

Monacanthus  hispidus  -  The  single  planehead  filefish  (158  mm  SL)  collected  in 
fall  consumed  mostly  caprellid  amphipods  (Caprella  equilibra)  and  smaller 
quantities  of  the  ascidian  Distaplia  bermudensis  (Table  17;  Appendix  3. 54). 
Other  prey  items  of  lesser  importance  included  gastropods,  pelecypods,  and 
isopods.  Hildebrand  and  Schroeder  (1928)  reported  that  seven  specimens  from 
the  Chesapeake  Bay  had  eaten  mostly  annelids,  while  several  specimens  from 
Beaufort,  North  Carolina,  had  eaten  bryozoans,  crustaceans,  molluscs, 
gastropod  eggs,  annelids,  sea  urchins,  and  algae. 

Sphoeroides  maculatus  -  Two  northern  puffers  (170  and  179  mm  SL)  were 
collected,  one  in  summer  and  one  in  fall  (Appendix  3.55).  The  summer 
specimen  had  eaten  an  unidentifiable  crab,  while  the  puffer  collected  in  fall 
had  eaten  mostly  mussels.  Negligible  quantities  of  barnacles  and  a  penaeid 
shrimp  had  also  been  consumed  in  the  fall.  The  food  of  this  species, 
according  to  the  results  of  Hildebrand  and  Schroeder  (1928),  consists  mainly 
of  small  crustaceans  (including  crabs,  shrimp,  isopods,  and  amphipods),  with 
smaller  amounts  of  molluscs,  annelids,  and  algae. 


Comparison  of  Food  Habits  Among  Fishes:  Dietary  similarities  between 
fishes  were  generally  low  (<  0.20  on  a  scale  of  0  to  1)  during  all  four 
seasons.  The  low  overlap  in  diets  was  largely  a  function  of  the  wide  variety 
of  prey  species  available  to  predators  in  both  the  jetty  and  adjacent 
nonjetty  habitats.  Even  among  those  predators  that  did  feed  on  several  of 
the  same  species,  the  relative  proportions  of  those  species  consumed  often 
differed  substantially.  In  many  cases,  those  similarity  values  that  were 
high  (>  0.60)  were  less  indicative  of  extensive  overlap  in  diets  than  they 
were  of  the  presence  of  one  or  two  unusual  food  items  in  the  stomachs  of 
predators  that  might  otherwise  have  fed  on  very  different  prey.  In  such 
cases,  predators  that  consumed  only  a  few  prey  species  were  more  likely  to 
exhibit  erroneously  high  dietary  similarities  with  other  predators  that 
happened  to  consume  the  same  one  or  two  prey  species.  High  interspecific 
similarities  in  diet  are  particularly  suspect  in  those  cases  where  one  or 
both  predators  are  represented  by  fewer  than  three  specimens  each  (see 
Appendix  3  for  the  number  of  specimens  analyzed  for  each  predator). 
Nevertheless,  there  were  some  cases  in  which  high  similarity  values  were 
actually  a  reflection  of  significant  (in  an  ecological  sense)  dietary  overlap 
between  predators.  These  are  discussed  for  each  season  below. 

Spring  -  In  spring,  several  piscivorous  species  had  highly  similar  diets 
due  to  their  heavy  consumption  of  juvenile  spot  (Leiostomus  xanthurus)  and 
anchovies  (mostly  Anchoa  hepsetus)  (Figure  18).  These  predators  included 
scalloped  hammerhead  sharks 

micrura) ,  spotted  seatrout  _  _ 

regal is) .  Atlantic  silversides  (Menidia  menidia)  had  a  diet  highly  similar 
to  that  of  northern  pipefish  (Syngnathus  fuscus)  in  spring.  Both  species  fed 
extensively  on  zooplankton  and  motile  epifauna,  primarily  pelagic  copepods 
and  caprellid  amphipods.  Atlantic  silversides  were  also  highly  similar  to 
crested  blennies  (Hypleurochilus  geminatus)  in  their  consumption  of 
tubicolous  and  errant  polychaetes  (Hydroides  dianthus  and  Nereis  sp. , 
respectively).  Sheepshead  (Archosargus  probatocephalus) ,  black  drum 
(Pogonias  cromis),  and  tautog  (Tautoga~onitis)  had  highly  similar  diets  in 
spring,  primarily  due  to  the  large  volume  of  mussels  (Brachidontes  exustus) 
ingested  by  each  of  the  three  species.  In  addition,  all  three  fish  species 
consumed  algae,  hydroids,  and  bryozoans  (as  well  as  caprellid  and  corophoid 
amphipods),  indicating  a  heavy  reliance  on  jetty  biota. 

Summer  -  Only  three  pairs  of  predator  species  collected  in  summer 
exhibited  a  high  degree  of  interspecific  similarity  in  food  habits 
(Figure  19).  Oyster  toadfish  (Opsanus  tau)  and  bluefish  (Pomatomus 
saltatrix)  were  similar  by  virtue  of  their  having  consumed  large  volumes  of 
small  menhaden  (Brevoortia  tyrannus) ,  which  were  abundant  in  the  water  column 
during  our  summer  sampling  period.  Black  sea  bass  (Centropristis  striata) 
were  also  consumed  by  both  bluefish  and  toadfish,  but  to  a  lesser  extent  than 
menhaden.  Despite  their  high  similarity  in  food  habits,  as  measured  by  the 
Bray-Curtis  index,  toadfish  ate  many  more  species  of  invertebrates  and 
relatively  few  species  of  fish  in  comparison  to  bluefish.  Atlantic 
needlefish  (St rongylura  marina)  and  weakfish  (Cynoscion  regalis)  were  highly 
similar  in  their  almost  exclusive  consumption  of  thread  herring  (Opisthonema 
oglinum) ;  whereas,  lookdown  (Selene  vomer)  and  king  mackerel  (Scomberomorus 
cavalla)  ate  mostly  anchovies  (Anchoa  hepsetus) . 


jhyrna  lewini) ,  smooth  butterfly  rays  (Gymni 
ipscion  nebulosus) ,  and  weakfish  (Cynoscion 
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Figure  19.  Bray-Curtis  similarity  of  food  habits  (based  on  volumetric  data) 
between  predators  collected  in  summer. 
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Fall  -  Ladyfish  (Elops  saurus) ,  Atlantic  needlefish  (Strongylura  marina) 
and  Spanish  mackerel  (Scomberomorus  maculatus)  had  highly  similar  diets  in 
fall  that  consisted  mostly  of  rough  silversides  (Membras  martinica) 

(Figure  20).  Spadefish  (Chaetodipterus  f aber)  and  tautog  (Tautoga  onitis) 
fed  mostly  on  epifaunal  amphipods  (Caprella  penantis)  in  fall.  These  two 
predators  also  consumed  several  other  sessile  and  motile  epifaunal  species 
commonly  found  on  the  jetties.  No  other  predators  displayed  an  extensive 
overlap  in  food  habits  during  the  fall. 

Winter  -  None  of  the  species  collected  in  winter  exhibited  a  very  high 
degree  of  interspecific  similarity  in  food  habits  (Figure  21).  Three  species 
(skilletf ish,  Gobiesox  strumosus;  sheepshead,  Archosargus  probatocephalus ; 
and  feather  blennies,  Hypsoblennius  hentzi )  had  somewhat  similar  diets  that 
included  moderate  to  large  volumes  of  the  isopod  Paradella  quadripunctata. 

Two  other  predators,  spot  (Leiostomus  xanthurus)  and  seaboard  gobies 
(Gobiosoma  ginsburgi) ,  had  diets  that  were  moderately  similar  with  respect  to 
the  high  proportion  of  corophoid  amphipods  (Jassa  falcata)  they  contained. 

The  results  of  the  normal  cluster  analysis  show  eight  predator  groups 
(Figure  22).  Species  in  Groups  A,  B,  and  C  are  characterized  by  their  highly 
piscivorous  habits.  Species  in  Group  A  (Atlantic  needlefish,  Strongylura 
marina,  and  Spanish  mackerel,  Scombe romorus  macula tus)  ate  mostly  thread 
herring  and  lesser  amounts  of  rough  silversides  and  striped  anchovies. 

Species  in  Group  B  (clearnose  skates,  Raj  a  eglanteria;  weakfish,  Cynoscion 
regal is ;  lookdown.  Selene  vomer;  red  drum,  Sciaenops  ocellatus ;  and  spotted 
seatrout,  Cynoscion  nebulosus)  consumed  large  quantities  of  juvenile  spot  and 
striped  anchovies,  as  well  as  other  fish  and  decapod  crustaceans.  Predators 
in  Group  C  (toadfish.  Ops anus  tau;  black  sea  bass,  Centropristis  striata;  and 
bluefish,  Pomatomus  saltatrix)  fed  heavily  on  small  menhaden  and,  to  a  lesser 
extent,  on  other  fishes  and  invertebrates.  Toadfish  and  black  sea  bass  were 
much  more  omnivorous  than  bluefish,  which  fed  almost  exclusively  on  fish. 

Fishes  in  Groups  D  and  E  (with  the  exception  of  harvestfish,  Peprilus 
alepidotus)  fed  mostly  on  crustaceans  (including  decapods,  stomatopods  and 
haustoriid  amphipods),  as  well  as  other  invertebrates  typical  of  sand-bottom 
habitat.  Two  of  the  species  in  Group  D  (smooth  dogfish,  Mustelus  canis,  and 
bonnethead  sharks,  Sphyrna  tiburo)  ate  mostly  portunid  crabs  and  stomatopods, 
while  the  other  two  species  (southern  kingfish,  Menticirrhus  americanus,  and 
gulf  kingfish,  M.  littoralis)  fed  mostly  on  mole  crabs  and,  to  a  lesser 
extent,  on  stomatopods,  portunid  crabs  and  other  invertebrates.  Group  E 
cannot  reasonably  be  considered  a  valid  group  based  on  similarity  of  food 
habits,  since  the  only  prey  items  shared  by  the  two  constituent  species 
(bullnose  rays,  Myliobatis  freminvillei,  and  harvestfish,  Peprilus 
alepido tus)  were  unidentified  gastropod  shell  fragments.  In  fact,  bullnose 
rays  consumed  an  almost  equal  volume  of  hermit  crabs,  suggesting  that 
gastropod  shells  may  have  been  eaten  coincidentally.  Harvestfish,  on  the 
other  hand,  were  characterized  by  stomach  contents  which  were,  for  the  most 
part,  unidentifiable  masses  of  flocculent  debris.  Of  the  stomach  contents 
that  could  be  identified,  fish  remains  comprised  83%  of  the  total  volume, 
while  gastropod  shell  comprised  only  17%.  Thus,  it  is  likely  that  these  two 
predators,  in  reality,  feed  on  very  different  prey  species.  Their  inclusion 
in  the  same  group  is  probably  a  function  of  their  mutual  dissimilarity  to 
other  predators  and,  as  such,  represents  an  artifact  of  the  sorting  strategy. 
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Figure  20.  Bray-Curtis  similarity  of  food  habits  (based  on  volumetric  data) 
between  predators  collected  in  fall. 
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Figure  21.  Bray-Curtis  similarity  of  food  habits  (based  on  volumetric 
data)  between  predators  collected  in  winter. 
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Figure  22.  Numerical  classification  of  predator  species  (flexible  sorting, 

8  =  -0.25)  based  on  Bray-Curtis  similarity  of  food  habits  for  all 
seasons  combined. 
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Species  in  Groups  F,  G  and  H  had  diets  that  were  composed  primarily  of 
jetty  biota.  Predators  in  Group  F  (crested  blennies,  Hypleurochilus 
geminatus ;  feather  blennies,  Hypsoblennius  hentzi;  seaboard  gobies,  Gobiosoma 
ginsburgi;  pinfish,  Lagodon  rhomboides;  skilletfish.  Gobies ox  strumosus; 
spadefish,  Chaetodipterus  f aber ;  and  pigfish,  Orthopristis  chrysoptera) 
consumed  mostly  motile  epifauna,  particularly  caprellid  and  corophoid 
amphipods.  These  predators  also  ate  sessile  jetty  biota,  as  well  as  fish  and 
sand-bottom  invertebrates,  but  to  a  lesser  extent.  Similarly,  fishes  in 
Group  G  (Atlantic  silversides,  Menidia  menidia;  northern  pipefish,  Syngnathus 
fuscus;  and  halfbealcs,  Hyporhamphus  unifasciatus)  consumed  large  quantities 
of  caprellid  and  corophoid  amphipods,  but  a  substantial  portion  of  their 
diets  consisted  of  zooplankton  (copepods,  decapod  larvae,  fish  larvae,  and 
insects)  as  well.  Finally,  species  in  Group  H  (spot,  Leiostomus  xanthurus; 
tautog.  Taut oga  onitis;  sheepshead,  Archosargus  probatocephalus;  spottail 
pinfish,  Diplodus  holbrooki;  and  black  drum,  Pogonias  cromis)  were 
distinguished  by  their  heavy  consumption  of  mussels  (Brachidontes  exustus) ; 
however,  all  of  these  predators  fed  on  a  wide  variety  of  other  sessile  and 
motile  jetty  biota,  as  well  as  on  sand-bottom  fauna. 

In  summary,  there  appear  to  be  three  major  trophic  groups  represented  by 
the  fishes  near  the  Murrells  Inlet  jetties.  Each  group  is  characterized  by 
one  of  three  types  of  prey  that  constitutes  the  greatest  proportion  of  total 
food  volume:  1)  fish,  2)  sand-bottom  epifauna,  or  3)  jetty  biota  (and  in  some 
cases,  zooplankton).  Within  each  of  these  major  groups,  there  was 
j  considerable  variation  in  diet  among  the  constituent  predators.  Furthermore, 

•  many  fishes  exhibited  pronounced  ontogenetic  and  seasonal  changes  in  food 

|  habits.  Seasonal  variations  probably  reflected  parallel  changes  in  prey 

abundance.  With  the  exception  of  some  strictly  piscivorous  species,  very  few 
predators  were  restricted  to  any  one  type  of  prey.  Nevertheless,  our  results 
[  indicate  that  15  of  the  31  species  included  in  the  normal  cluster  analysis 

feed  primarily  on  jetty  biota  during  one  or  more  seasons.  Among  these  are 
spadefish,  sheepshead,  and  black  drum,  all  of  which  are  popular  with 
recreational  fishermen.  Additionally,  many  smaller  fishes  which  fed  heavily 
on  jetty  biota  (including  blennies,  gobies,  anchovies,  silversides  and,  to 
some  extent,  spot)  were  major  prey  items  for  piscivorous  species  such  as 
bluefish,  black  sea  bass,  spotted  seatrout,  weakfish,  red  drum,  and  Spanish 
[I  mackerel.  These  predators  are  also  favored  by  sport  and  commercial  fishermen 

'  alike.  Clearly,  then,  our  study  has  demonstrated  that  numerous  fishes  are 

!  either  directly  or  indirectly  feeding  on  organisms  associated  with  the 

Murrells  Inlet  jetties.  These  results  confirm  those  of  Van  Dolah  et  al. 
(198A),  who  concluded,  on  the  basis  of  more  limited  food  habits  analyses, 

|  that  the  jetty  biota  at  Murrells  Inlet  is  an  important  food  source  for 

several  recreationally  important  fishes. 

3.  Crab  Assemblages 
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Traps  deployed  for  12-hr  sets  around  the  north  jetty  captured  a  total  of 
I  3A9  crabs  representing  eight  species  (Appendix  A).  The  stone  crab,  Menippe 

j  mercenaria,  numerically  dominated  the  catch  during  the  spring,  summer,  and 

I  fall,  comprising  90  %  of  all  crabs  found  in  the  traps  during  those  seasons. 

No  stone  crabs  were  captured  in  the  traps  during  winter,  although  they  were 
observed  among  the  rocks  by  divers.  Other  crab  species  occasionally 
collected  around  the  jetties  included  Callinectes  sapidus,  Libinia  spp.,  and 
Portunus  spp. 
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There  was  a  significant  change  in  the  seasonal  abundance  of  stone  crabs 
captured  around  the  north  jetty  (F  ,,,  =  36.76;  P  <  0.01).  Greatest 

catches  occurred  during  the  spring  on* Doth  sides  of  this  jetty,  followed  by  a 
substantial  decline  in  crab  catches  during  the  summer  and  fall  (Figure  23). 
Statewide  commercial  landings  of  stone  crab  claws,  which  are  primarily 
harvested  from  inshore  bays  and  sounds  of  South  Carolina,  also  generally  show 
a  decline  during  the  summer  and  fall  relative  to  spring  landings  (Wenner  and 
Stokes,  1983;  Theiling,  1984-1985).  There  are  several  possible  reasons  for 
the  seasonal  decrease  in  catch  size.  Some  of  the  decline  in  abundance  may  be 
due  to  mortality  from  crabbing  around  the  jetties.  Commercial  pots  were 
observed  being  fished  around  the  outer  sections  of  both  jetties  during  most 
sampling  periods.  Although  only  one  claw  can  be  legally  harvested  from  stone 
crabs  in  South  Carolina,  Davis  et  al .  (1978)  noted  considerable  mortalities 
(28  %)  among  crabs  that  had  only  one  claw  removed  using  commercially  accepted 
techniques.  This  mortality  was  primarily  due  to  physiological  stress 
resulting  from  fluid  loss.  The  loss  of  a  claw  may  also  indirectly  increase 
mortality  from  predation  and  competition. 

Seasonal  declines  in  the  crab  catches  may  also  be  due  to  normal  crab 
movements  away  from  the  jetties.  Bender  (1971)  noted  some  seasonal 
inshore-offshore  migrations  of  M.  mercenaria  in  Florida,  and  although  Menippe 
migrations  have  not  been  documented  in  South  Carolina,  there  is  a 
considerable  area  of  suitable  habitat  for  stone  crabs  in  slightly  deeper 
waters  off  the  Grand  Strand  (Van  Dolah  and  Knott,  1984).  The  absence  of 
stone  crabs  in  the  traps  during  winter  is  most  probably  due  to  cold  water 
temperatures,  which  induces  burrowing  and  sluggish  behavior  in  M.  mercenaria 
(Bender,  1971). 

Stone  crab  catches  were  consistently  lower  on  the  channel  side  of  the 
jetty  than  on  the  seaward  side  (Fig.  23),  with  the  differences  being 
statistically  significant  during  August  and  October  (Table  19).  There  is  no 
obvious  cause  for  this  trend.  However,  commercial  traps  were  observed  more 
frequently  in  the  channel  area  between  the  jetties  than  on  the  exposed 
sides.  Food  resources  utilized  by  M.  mercenaria  may  also  have  been  different 
between  the  exposed  side  and  the  channel  side  of  the  north  jetty. 

Significantly  more  stone  crabs  were  collected  in  the  traps  fished  at 
night  than  in  the  traps  fished  during  the  day  (Fig.  24,  Table  19).  This 
indicates  active  nocturnal  foraging  among  the  M.  mercenaria  inhabiting  the 
jetty  rocks.  Although  it  is  generally  believed  that  stone  crabs  are 
nocturnal,  the  diurnal  activities  of  M.  mercenaria  are  not  well  understood. 
Powell  and  Gunter  (1968)  found  no  obvious  difference  in  crab  activity  between 
night  and  day,  and  Williams  (1984)  cited  studies  which  suggested  that  stone 
crab  activities  were  greatest  in  the  evening  before  dark.  Our  traps  were 
generally  set  immediately  before  sunset.  Therefore,  most  of  the  crabs  would 
have  entered  the  traps  at  dusk  or  during  the  night,  suggesting  either  a 
crepuscular  or  nocturnal  foraging  strategy. 

Female  M.  mercenaria  dominated  the  catch  during  the  spring  and  summer, 
but  not  during  the  fall  (Fig.  25,  Table  19).  Over  all  seasons  combined,  the 
femalermale  sex  ratio  was  2.2:1.  Caldwell  (1986)  and  Wenner  and  Stokes 
(1983)  have  also  documented  a  numerical  dominance  of  females  in  estuarine 
habitats  within  South  Carolina,  and  Bender  (1971)  noted  that  the  inshore 
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Figure  25.  Mean  number  of  male  and  female  stone  crabs,  Menippe  mercenaria 
collected  in  traps  set  around  the  north  jetty  at  Murrells 
Inlet.  Error  bars  represent  +  1  standard  error. 


resident  populations  of  stone  crabs  in  Florida  were  composed  primarily  of 
females.  During  all  three  seasons,  the  male  population  at  Murrells  Inlet  had 
a  larger  mean  carapace  width,  with  the  greatest  difference  in  mean  size  noted 
during  October.  The  size  frequency  distributions  of  males  and  females 
captured  during  each  season  are  shown  in  Fig.  26.  All  of  the  M.  mercenaria 
captured  in  the  traps  were  adults  based  on  Caldwell's  (1986)  estimated  size 
at  sexual  maturity  for  this  species  (55  mm).  Juvenile  stone  crabs  were 
observed  among  the  rocks  at  Murrells  Inlet  by  divers,  but  these  crabs  were 
not  effectively  sampled  by  the  traps,  which  had  a  mesh  size  of  37  mm. 

Based  on  the  stone  crab  catches  in  this  study,  it  is  unlikely  that  the 
Murrells  Inlet  jetties  can  support  more  than  an  incidental  stone  crab  fishery 
and,  to  our  knowledge,  no  crabbers  were  fishing  solely  around  the  jetty 
rocks.  Our  observations  also  indicated  that  recreational  crabbing  was  rare 
(see  the  following  section). 

4.  Recreational  Fishing  Activities 

Recreational  fishing  activities  were  similar  during  all  seasons.  Fishing 
pressure  was  consistently  greatest  around  the  north  jetty,  with  an  average  of 
40  %  of  all  boats  occurring  around  this  jetty  each  season  (Table  20).  The 
largest  number  of  boats  was  located  at  or  near  the  seaward  point  of  the  north 
jetty  (Fig.  27).  The  south  jetty  averaged  13  %  of  the  boats  during  all 
seasons  except  summer,  when  the  percentage  increased.  As  the  region  around 
the  north  jetty  became  overcrowded  during  the  summer  months,  additional  boats 
fished  off  the  south  jetty.  Approximately  12  %  of  the  total  number  of  boats 
counted  each  season  was  located  in  the  channel  between  the  jetties,  or  in  the 
area  around  the  weir  section  and  its  deposition  basin.  The  channel  inland 
from  the  jetties  averaged  over  20  %  of  the  boats  each  season  except  summer, 
when  the  number  of  boats  fell  to  under  15  %  of  the  total. 

Bank-fishing  was  restricted  to  the  south  jetty,  as  the  weir  made  the 
north  jetty  inaccessible  by  land.  Shoaling  along  the  outside  of  the  south 
jetty  made  much  of  this  area  unfishable;  thus,  the  majority  of  bank-fishing 
occurred  along  the  channel  side  of  the  jetty  seaward  of  the  bend  or  on  the 
exposed  side  of  the  jetty  near  the  seaward  end.  Each  season  some  anglers 
fished  off  Garden  City  Beach  into  the  weir  and  deposition  basin.  This  area 
is  located  in  a  privately  owned  section  of  Garden  City  and,  therefore,  is  not 
widely  utilized  by  fishermen. 

The  average  number  of  boats  and  bank-fishermen  occurring  daily  and 
seasonally  in  the  area  can  be  estimated  based  on  counts  made  in  the  census. 
Because  boats  and  anglers  enter  and  leave  the  region  randomly  or  change 
locations  throughout  the  day,  actual  numbers  are  difficult  to  obtain  without 
keeping  track  of  each  individual  boat  or  angler  throughout  the  day.  Daily 
averages  were,  therefore,  based  on  the  maximum  number  of  anglers  counted  at 
any  one  time  during  a  day  and,  as  such,  represent  only  the  minimum  number 
present  during  that  day.  A  rough  estimate  of  the  total  number  of  boats  and 
bank-fishermen  utilizing  the  Murrells  Inlet  jetties  during  each  season  was 
determined  (2  x  average  weekend  observations  +  5  x  average  weekday 
observations  x  13  weeks  per  season).  As  expected  in  a  resort  area,  the 
greatest  number  of  boats  and  bank-fishermen  were  present  during  the  summer, 
with  successively  lower  numbers  observed  during  the  fall,  spring,  and  winter, 
respectively  (Table  21).  Although  the  annual  estimated  usage  of  4100  boats 
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Table  20 


Number  and  percentage  of  boats  occurring  in  various  locations 
around  the  Murrells  Inlet  jetties  during  each  seasonal 
sampling  period. 


Spring  Summer  Fall  Winter  Total 


N 

% 

N 

% 

N 

% 

N 

% 

N 

% 

North  jetty 

105 

41.3 

125 

42.4 

82 

35.6 

6 

46.1 

318 

40.1 

South  jetty 

25 

9.8 

63 

21.4 

32 

13.9 

2 

15.4 

122 

15.4 

Main  channel 

32 

12.6 

26 

8.8 

36 

15.6 

1 

7.7 

95 

12.0 

Weir /deposit ion 
basin 

36 

14.2 

38 

12.9 

24 

10.4 

1 

7.7 

99 

12.5 

Inland  channel 

56 

22.0 

43 

14.6 

56 

24.3 

3 

23.1 

158 

19.9 

Total 

254 

295 

230 

~ 13 

792 

i 


Figure  27. 


Map  showing  recreational  f ishing  pressure  in  eacli 
survey  zone  around  the  Murrells  Inlet  jetties. 
Boat  densities  represent  totals  from  all  seasons 
combined . 
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Table  21.  Average  number  of  boats  and  bank-fishermen  (B/F)  occurring  daily 
on  weekdays  and  weekend  days  for  each  season.  Number  of 
interviews  conducted  appears  in  parentheses. 


Spring 

Summer 

Fall 

Winter 

Total 

B/F 

B/F 

B/F 

B/F 

B/F 

Weekdays 

7/6 

16/14 

13/11 

2/1 

10/8 

(AO) 

(65) 

(52) 

(8) 

(165) 

Weekends 

22/24 

22/21 

18/21 

1/4 

16/18 

(121) 

(77) 

(82) 

(15) 

(295) 

Total  * 

1027/1014 

1612/1456 

1313/1261 

156/169 

4108/3900 

(161) 

(142) 

(134) 

(23) 

(460) 

*  Total 

numbers  of  boats 

and  bank- 

fishermen  for  each  season 

are  extrapolated 

based 

on  average  numbers  per  day 

,  5  weekdays  and 

2  weekend 

days  per  week. 

and  13  weeks  per  season. 
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and  3900  bank-fishermen  includes  many  fishermen  who  were  counted  more  than 
once  because  they  fished  on  consecutive  survey  days,  it  is  clear  that  the 
jetties  serve  as  a  valuable  resource  for  recreational  fishing  activities. 

During  the  four  survey  periods,  460  interviews  were  conducted  with 
anglers  around  the  Murrells  Inlet  jetties.  The  percentage  of  interviews 
conducted  on  weekdays  and  on  weekend  days  varied  seasonally  depending  on  the 
nunber  of  anglers  present  (Table  21).  Most  interviews  took  place  on  weekend 
days  during  every  season;  however,  in  summer,  the  percentage  of  interviews 
conducted  on  weekdays  was  nearly  as  great.  This  was  due  to  an  increased 
number  of  vacationers  remaining  in  the  area  throughout  an  entire  week  during 
the  summer  months.  Over  the  entire  one-year  survey  period,  36  Z  of  all 
interviews  were  conducted  on  weekdays  and  64  Z  on  weekend  days  (Table  21). 

The  total  number  of  interviewed  parties  in  the  area  decreased  steadily  from  a 
high  of  161  in  spring  to  a  low  of  23  in  winter. 

Interviewed  anglers  sought  a  total  of  14  fish  species  (Table  22).  Red 
drum  (Sciaenops  ocella tus)  was  the  most  frequently  sought  fish  throughout  the 
survey,  being  specified  by  42  Z  of  all  fishing  parties.  Other  popular 
species  were  flounder  (Paralichthys  sp.),  28  Z;  spot  (Leiostomus  xanthurus), 

8  Z;  bluefish  (Pomatomus  saltatrix).  4  Z;  king  mackerel  (Scomberomorus 


ca valla),  4  Z;  and  sheepshead  (Archosargus  probatocephalus),  4  Z.  There  was 
little  seasonal  variation  in  the  species  sought  by  anglers,  except  for  spot 
and  king  mackerel,  which  were  more  popular  in  the  fall  than  in  other 
seasons.  Spot  fishing  often  increases  in  many  coastal  areas  in  late  fall  as 
these  fish  migrate  from  bays  and  sounds  offshore  to  spawn  (Hildebrand  and 
Cable,  1930).  King  mackerel  move  inshore  in  the  fall  to  feed  on  estuarine 
fishes  such  as  mullet  (Mugil  sp.),  which  move  offshore  at  this  time.  Fall  is 
generally  the  only  season  in  which  king  mackerel  are  available  to  inshore 
fishermen  (in  South  Carolina)  and,  consequently,  the  only  season  in  which 
they  were  sought  or  caught  by  anglers  in  the  Murrells  Inlet  area. 

A  total  of  818  fish  representing  23  species  were  caught  by  anglers 
interviewed  during  the  survey  (Table  23).  The  greatest  number  of  fish  and 
the  greatest  number  of  species  were  caught  during  summer.  Overall,  black  sea 
bass,  Centropristis  striata,  was  the  most  frequently  caught  fish,  with  large 
numbers  captured  during  every  season  but  winter.  The  smooth  dogfish, 

Mustelus  canis,  was  the  second  most  frequently  captured  fish;  however,  its 
occurrence  in  the  area  was  highly  seasonal.  Ninety-four  percent  of  the 
smooth  dogfish  were  caught  in  spring  when  they  are  known  to  migrate  north 
along  the  coast  (Bigelow  and  Schroeder,  1953).  Gill  net  collections 
confirmed  that  these  fish  were  abundant  only  during  spring  (see  Section 
IV. 1).  Other  fishes  frequently  collected  were  bluefish,  red  drum,  flounder, 
and  spot  (Table  23).  Each  of  these  species  was  caught  during  at  least  three 
seasons,  while  all  species  sought  by  recreational  anglers  were  collected  by 
fishermen  during  at  lease  one  season. 

There  was  often  a  relationship  between  where  anglers  fished  and  what 
species  they  sought.  Similarly,  there  was  a  relationship  between  where  an 
angler  fished  and  which  species  were  actually  caught.  Table  24  lists  the 
regions  around  the  jetties  where  fish  species  were  sought  and  caught  by 
recreational  anglers. 
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Table  22  .  Total  number  and  percentage  of  interviewed  anglers  seeking  various  fish  species  around  the 
Murrells  Inlet  jetties  during  each  sampling  period. 
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Table  24.  Number  of  fishing  parties  fishing  for  (sought-s)  various  species 
and  the  number  of  each  species  caught  (c)  by  anglers  in  the 
various  sampling  zones  at  Murrells  Inlet,  all  seasons  combined. 


North  South  Main  Ueir/Depos.  Inland 

jetty  jetty  channel  basin  channel 


s 

c 

s 

c 

s 

c 

s 

c 

s 

c 

Red  drum 

88 

37 

34 

12 

6 

1 

17 

44 

5 

_ 

Flounder 

28 

15 

17 

8 

15 

12 

23 

22 

19 

9 

4 

1 

2 

5 

4 

2 

3 

12 

17 

39 

Bluef ish 

4 

36 

4 

10 

1 

24 

4 

27 

— 

10 

King  mackerel 

— 

— 

7 

3 

6 

1 

— 

— 

— 

— 

Sheep shead 

6 

28 

7 

4 

— 

— 

— 

— 

— 

— 

Spotted  seatrout 

3 

— 

2 

2 

1 

— 

2 

— 

3 

— 

Black  drum 

4 

2 

2 

3 

1 

— 

1 

1 

— 

1 

Croaker 

1 

1 

— 

3 

— 

7 

2 

13 

2 

3 

Spanish  mackerel 

2 

8 

1 

— 

— 

— 

1 

— 

— 

— 

Kingfish  (whiting) 

1 

— 

— 

11 

— 

1 

2 

6 

1 

— 

Black  sea  bass 

— 

45 

3 

56 

— 

11 

— 

10 

— 

2 

Shark  (dogfish) 

— 

25 

1 

82 

1 

1 

— 

8 

— 

— 

Florida  pompano 

— 

— 

— 

— 

— 

— 

1 

44 

— 

— 

Total 

141 

198 

80 

199 

35 

60 

56 

187 

47 

64 

The  most  frequently  sought  fish,  red  drum,  was  caught  almost  exclusively 
around  the  rubble  jetty  structures.  This  species  was  primarily  fished  for 
around  the  north  jetty,  where  it  was  caught  most  frequently  in  the 
weir/deposition  basin  area  (Table  24).  Similar  trends  were  also  noted  for 
flounder  and  bluefish,  which  were  commonly  caught  in  the  main  channel  as 
well.  The  deeper  waters  associated  with  these  areas  may  have  attracted  these 
fishes.  Spot,  which  is  primarily  an  inshore  species,  was  fished  for  and 
caught  in  the  inland  portion  of  the  channel.  The  two  most  frequently  caught 
fishes,  black  sea  bass  and  smooth  dogfish,  showed  definite  affinities  for 
jetty  structures,  with  very  few  caught  elsewhere. 

Overall,  the  total  number  of  fishes  collected  by  recreational  fishermen 
was  nearly  equal  in  all  areas  associated  with  rubble  jetty  structures,  and 
the  catches  were  much  greater  than  those  in  nonjetty  areas. 

Recreational  shrimping  and  crabbing  proved  to  be  almost  nonexistent 
around  the  Murrells  Inlet  jetties.  Throughout  the  survey,  no  interviewed 
parties  indicated  that  they  had  been  or  intended  to  do  any  shrimping  in  the 
area.  In  the  spring,  2  of  the  161  interviewed  parties  were  engaged  in 
crabbing  with  hand  lines  and  drop  nets,  but  recreational  crabbing  was  not 
observed  during  other  seasons. 


V.  SUMMARY  AND  CONCLUSIONS 


Fishes  and  crabs  associated  with  a  jetty  system  at  Murrells  Inlet  were 
sampled  over  a  one-year  period  to:  (a)  identify  changes  in  the 
distribution,  relative  abundance,  and  community  composition  of  species 
present  during  each  season;  (b)  characterize  the  food  habits  of  most  fish 
species  collected;  and  (c)  identify  seasonal  trends  in  recreational 
fishing  aroujid  the  jetties. 

The  Murrells  Inlet  jetty  system  was  constructed  between  1977  and  1980  and 
consists  of  two  rubble  structures,  each  approximately  1000  m  long.  The 
jetties  are  located  at  the  entrance  of  an  inlet  situated  in  the  southern 
portion  of  the  Grand  Strand,  an  economically  important  tourist  area  in 
South  Carolina. 

All  sampling  was  conducted  at  quarterly  intervals  from  April  1985  to 
February  1986.  Fish  communities  were  assessed  by  using  replicate  sets  of 
gill  nets  (three  mesh  sizes),  traps,  rotenone  collections,  and  by 
performing  diver  surveys.  Food  habits  of  most  fish  species  collected 
were  determined  through  stomach  content  analyses.  Decapods  were  sampled 
using  replicate  sets  of  crab  traps.  Interview-count  surveys  were 
conducted  at  various  times  on  weekends  and  weekdays  during  each  season  to 
identify  areas  of  recreational  fishing  activity  and  species  sought,  as 
well  as  the  species  and  number  of  fishes  caught. 

Gill  net,  trap,  and  rotenone  sampling  around  the  jetties  resulted  in  the 
collection  of  75  species  of  fish  representing  53  families.  Greatest 
catches  were  obtained  in  spring  and  smallest  catches  in  winter.  Gill  net 
and  trap  collections,  as  well  as  diver  observations,  showed  distinct 
seasonal  differences  in  the  community  composition  of  fishes  around  the 
jetties;  however,  the  species  composition  and  abundance  of  fishes 
observed  by  divers  was  markedly  different  from  that  of  fishes  collected 
in  gill  nets  and  traps.  Seasonal  differences  were  not  as  apparent  in 
rotenone  collections.  The  species  composition  of  fishes  found  around  the 
jetties  was  similar  to  that  of  fishes  associated  with  other  shallow-water 
artificial  and  natural  reef  structures  in  the  South  Atlantic  Bight.  In 
general,  the  Murrells  Inlet  jetties  appear  to:  (a)  attract  species  that 
are  normally  associated  with  reef  structures,  (b)  attract  species  that 
are  commonly  found  around  estuarine  inlets,  and  (c)  attract  species  which 
seasonally  migrate  along  the  coast.  The  Murrells  Inlet  jetties  also 
serve  as  nursery  habitat  for  a  variety  of  fish  species  commonly  found  in 
deeper  offshore  waters. 

Although  small  sample  sizes  precluded  a  definitive  analysis  of  some 
species'  diets,  the  results  of  our  food  habits  study  suggested  the 
existence  of  three  major  trophic  groups  among  the  fishes  collected  near 
the  Murrells  Inlet  jetties:  (a)  fish  that  are  mostly  piscivorous,  (b) 
fish  that  feed  primarily  on  sand-bottom  epifauna,  and  (c)  fish  that  feed 
principally  on  jetty  biota  and,  in  some  cases,  zooplankton.  Among  the 
recreationally  important  fishes,  spadefish,  sheepshead,  and  black  drum 
fed  primarily  on  jetty  biota,  while  bluefish,  black  sea  bass,  spotted 
seatrout,  weakfish,  red  drum,  and  Spanish  mackerel  consumed  mostly 
smaller  fishes  (e.g.  blennies,  gobies,  silvers ides,  anchovies,  and,  to 


some  extent,  spot)  all  of  which  fed  heavily  on  jetty  biota.  Seasonal  and 
ontogenetic  variations  in  food  habits  were  exhibited  by  a  number  of 
fishes. 

Eight  species  of  crabs  were  captured  in  the  blue  crab  traps  set  around 
the  north  jetty.  The  stone  crab,  Menippe  mercenaria,  was  numerically 
dominant,  comprising  90  Z  of  the  total  catch.  Stone  crab  catches  were 
greatest  in  spring  and  declined  in  all  subsequent  seasons.  None  were 
caught  in  winter.  Stone  crab  catches  were  consistently  lower  on  the 
channel  versus  exposed  side  of  the  jetty,  and  significantly  more  crabs 
were  caught  at  night  than  during  the  day.  The  overall  sex  ratio  of  the 
stone  crab  catch  was  2.2:1  (females  to  males),  but  males  had  a  greater 
mean  carapace  width.  Based  on  the  size  of  catches  in  this  study,  it  is 
unlikely  that  the  Murrells  Inlet  jetties  can  support  more  than  an 
incidental  stone  crab  fishery. 

Considerable  recreational  fishing  activity  was  observed  in  the  vicinity 
of  the  Murrells  Inlet  jetties,  especially  around  the  north  jetty.  Bank 
fishing  was  restricted  to  the  south  jetty,  which  has  a  walkway  along  the 
top.  Most  fishing  activity  was  observed  on  weekend  days  versus  weekdays, 
although  this  difference  was  not  as  great  during  summer.  Interviewed 
anglers  primarily  sought  red  drum,  flounder,  spot,  bluefish,  king 
mackerel,  and  sheepshead.  There  was  little  seasonal  difference  in  the 
species  sought  by  anglers,  except  for  spot  and  king  mackerel.  Of  the  23 
species  collected  by  anglers  who  were  interviewed  during  the  one-year 
survey  period,  black  sea  bass  and  smooth  dogfish  were  the  species  most 
frequently  captured.  The  greatest  number  of  fish  and  the  greatest  number 
of  species  were  caught  during  summer,  and  overall  catches  were  much 
greater  around  the  jetty  structures  than  in  nonjetty  areas. 
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Appendix  1.  Seasonal  species  composition,  numbers  (n),and  lengths  in 

millimeters  of  fishes  taken  in  gill  net  collections  on  the 
outside  of  the  north  and  south  jetties  at  Murrells  Inlet. 
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Appendix  2. 


Seasonal  species  composition,  numbers  (n),  and  total  lengths 
(TL)  in  millimeters  of  fishes  taken  in  rotenone  collections 
on  the  inside  of  the  north  jetty  at  Murrells  Inlet. 
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Percent  frequency  (F),  number  (N)  and  volume  (V)  of  food 
items  consumed  by  fishes  collected  near  the  Murrells  Inlet 
jetties  in  spring,  summer,  fall,  and  winter. 
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Si 

Uttar 

rail 

Winter 

tea 

r 

N 

V 

p 

N 

V 

r 

N 

V 

F 

N 

V 

Alt** 

All**  C 

u.i 

i.i 

18.5 

Cnidarl* 

Hydrosoe 

Dytiaa ana  quadridentata 

Oballa  **nicul*t* 

li.i 

i.i 

0.4 

u.i 

1.5 

1.8 

Total  Hydros oa 

u.i 

i.i 

0.4 

11.1 

1.5 

1.8 

Hoi  Iimc* 

Gastropoda 

Aatyria  lunata 

33. J 

3.2 

18.5 

Ppraaldallidaa  undatarained 

11.1 

1.1 

0.7 

Total  Gastropoda 

33.3 

6.3 

19.2 

Palacypod* 

Brachidontaa  cxustua 

11.1 

1.1 

0.6 

15.0 

3.9 

25.1 

5.5 

0.6 

2.0 

u.i 

3.0 

3.6 

Cruatacaa 

Oatracoda 

11.1 

2.1 

0.4 

Copapoda 

11.1 

16.0 

0.4 

5.0 

7.9 

0.5 

Cirripadla 

33.3 

13.8 

5.7 

5.5 

0.6 

0.5 

11.1 

3.0 

3.6 

Cuaacta 

Isopoda 

22.2 

6.0 

1.8 

Edotaa  aontoaa 

11.1 

1.1 

0.4 

Brichaooolla  filiforaia 
Paracarcaia  caudata 

11.1 

1.1 

5.3 

5.0 

1.3 

2.6 

Paradalla  quadripunctata 

22.2 

10.6 

11.3 

80.0 

80.3 

22.2 

80.9 

80.6 

89.3 

66.7 

34.3 

53.6 

Sphaaroaa  quadridantatua 

u.i 

2.1 

2.3 

16.7 

1.9 

3.0 

Total  laopoda 

55.5 

16.9 

19.2 

80.0 

81.6 

24.6 

88.9 

90.5 

92.3 

66.7 

34.3 

53.6 

Aaphipoda 

Asp it boa  valida 

11.1 

1.1 

3.0 

Cap rails  aquilibra 

11.1 

1.1 

0.7 

5.5 

0.6 

0.5 

u.i 

1.5 

0.9 

Cap rail a  panantia 

33.3 

3.2 

1.5 

5.0 

1.3 

0.2 

66.6 

10.4 

16.3 

Corophiua  acharuaicua 

22.2 

6.2 

1.1 

Corophiu*  laeuatra 

Corophiua  ap. 

22.2 

2.1 

1.1 

5.0 

1.3 

0.2 

Erichthoniua  braailianaia 

11.1 

1.1 

0.7 

11.1 

1.5 

0.9 

Oa.ua ropa la  ap. 

11.1 

2.1 

6.8 

Gaaaarua  aucronatu. 

C.aa.nia  ap. 

22.2 

2.1 

1.1 

22.2 

6.0 

3.6 

Jaaaa  falcata 

66.7 

10.6 

7.5 

27.8 

6.6 

2.0 

33.3 

13.6 

9.8 

Hal It a  appandiculata 

11.1 

1.1 

2.3 

16.7 

1.9 

2.2 

Parhyale  hawaianaia 

11.1 

5.3 

18.9 

Stanotboa  aaoraiana 

11.1 

1.1 

0.4 

22.2 

19.6 

6.2 

unde t stained 

33.3 

8.5 

5.7 

5.0 

1.3 

0.2 

11.1 

1.3 

0.5 

Total  Aaphipoda 

100.0 

63.6 

50.9 

15.0 

3.9 

0.7 

55.5 

8.2 

5.2 

66.7 

52.2 

35.7 

Decapods 

Ly—ata  wirdea anni  5.0  1.3  43*1 


Bryotoa 


I 

i 

' 

! 
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Gabiaaca  atruaoaua  -  continuant 


tr a  r 

lamia  natitlna  11.1 

Crlala  ap.  11.1 

Tatal  Biyosoa  11.1 


Cbardata 

Macao 

Cabloaoaa  ainabutai 


babtr  of  atoaacha  aaaainod: 
Exaaiaad  atoaacha  with  food: 


11 

9 


3.20  Hyporhaaphua  ualfticiitui 


Sprint 

Si 

Mar 

Tall 

fra 

F  N  ? 

t 

W 

— r 

F 

k 

~T~ 

Alt** 

Alt**  A 

8.3 

<0.1 

1.3 

8.3 

2.9 

l.l 

Cladophora  lMtiv«r«nc 

12.5 

0.1 

2.8 

8.3 

2.9 

2.3 

Hypn..  au.ciforai. 

12.5 

0.1 

1.3 

8.3 

2.9 

0.7 

Porphyra  laucoaticta 

8.3 

<0.1 

6.9 

Undatarainad 

4.2 

<0.1 

0.5 

16.7 

5.7 

4.1 

Total  Alt** 

25.0 

0.3 

12.8 

33.3 

14.3 

8.2 

Cnidaria 

Hydrosoa 

Obalia  taoiculata 

4.2 

<0.1 

<0.1 

Sartularia  diatana 

4.2 

<0.1 

0.1 

Undatarainad 

8.3 

<0.1 

0.1 

Total  Hydrosoa 

16.7 

0.1 

0.2 

Annalida 

Polychaata 

Narcia  auccinea 

4.2 

<0.1 

<0.1 

Sarpulidaa  undetarainad 

4.2 

<0.1 

<0.1 

Undatarainad 

8.3 

<0.1 

0.4 

Total  Polychaata 

16.7 

0.1 

0.6 

Molluaca 

Palacypoda 

Brachidontaa  azuatus 

8.3 

0.1 

0.4 

Undatarainad 

4.2 

16.2 

1.2 

Total  Palacypoda 

12.5 

16.2 

1.6 

Craatacaa 

Copapoda 

33.3 

72.2 

26.5 

Cirripadia 

41.7 

4.7 

11.6 

8.3 

17.1 

0.7 

Iaopoda 

Paradalla  quadr ipunctata 

4.2 

0.7 

2.4 

Undatarainad 

8.3 

2.9 

0.2 

Aaphlpoda 

Capralla  panant ia 

33.3 

4.2 

31.4 

C.pr.11.  ap. 

8.3 

28.6 

1.1 

Corophiua  ap. 

4.2 

0.2 

0.3 

Jaaaa  falcata 

8.3 

0.3 

0.3 

Stanothoa  wor  liana 

12.5 

0.2 

0.2 

Undatarainad 

16.7 

0.3 

0.4 

Total  Aaphipoda 

37.5 

5.2 

32.6 

8.3 

28.6 

1.1 

Stoaatapoda 

Undatarainad 

4.2 

<0.1 

0.1 

Wintar 

T  TT  V 
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Hypothirtnii  uaifaeciatu.  -  continued : 


Sprint 

Si 

■wr 

Poll 

US 

r  N  V 

f 

N 

V 

P 

N 

V 

DM.poda 

Eaarita  talpoid.  (iom! 

12. 5 

1.0 

0.6 

Pin  nix.  cheat  opt  .rut. 
DtwUtvnilntd  iom 

6.2 

<0.1 

<0.1 

25.0 

17.1 

64.0 

OAdottrainod 

4.2 

<0.1 

2.9 

16.7 

5.7 

0.9 

Total  Dteipoda 

20. f 

1.0 

11.6 

41.7 

22.0 

65.7 

XiMcta 

Qadotorainod 

41.7 

14.3 

24.1 

Nuabor  of  itoBicha  osaainodx 

25 

24 

Euainod  ittoachi  with  food: 

24 

12 

Winter 

r  n 


Us 

Ann* lid* 

Polpchaat. 

Mural.  aucclnaa 


Hoi lu.cn 

Capital  apoda 

Lolliauncula  bt atria 

Crustacea 
Dac apoda 
ftnnlxa  ap. 


Aatcboa  bapaatua 
Ancboa  ait  chilli 

Naubtaa  uartinica 

Opiotfion—  pjUina 

Undeteralnnd 

Tatal  Places 


3.21  Stroppyluro  —rln> 

Spring _  _ Sit 

f  N  V  P  N  V 


7.1  10.5  0.4 


7.1  5.3  2.0 


8.3  5.5  0.1 


7.1 

10.5 

5.2 

14.) 

IS.t 

5.6 

16.7 

27. » 

54.2 

58. ) 

44.4 

61.  • 

57.1 

47.4 

•4.5 

14.) 

10.5 

1.1 

)).) 

22.2 

).6 

62.6 

•4.2 

64.7 

100.0 

64.4 

66.6 

Fall 

r  n  v 


6 

\ 

t 

Winter  • 

r  M 


Nuebar  of  atcaacbe  aeaeia^t 
Era  in  ad  atoaaeba  with  foods 


26 

1* 


2* 

12 


3.12  IWbtM  ■.rtlnic. 


i 

! 

Sprint 

Summt 

Fall 

:  ll 

Iia 

r  n  v 

r 

M 

V 

t 

N  V 

Croat ocot 

Cop«fo<li 

100.0 

84.8 

70.0 

s 

Cirrip«4ia 

Cyprii  lirvat 

100.0 

12.1 

20.0 

Otc^o^a 

Uadotarminod  ioh 

100.0 

3.0 

10.0 

\ 

Muabor  of  atoaseha  auainadi 

1 

25 

Kiaaioad  atosacha  with  food: 

1 

0 

Hjjjtgr 

F  N  V 


Fall 

N 


Winter 

N 


3.24  Syngnathue  fuacua 
Spring _  _ Su—tt _ 


Em 

F 

h 

V 

Crustacea 

Copepoda 

87.5 

*9.3 

27.7 

Aaphipoda 

Capralla  aquilibra 

25.0 

2.9 

3.1 

Cnitlll  HMOtil 

50.0 

23.2 

47.7 

Corophiua  ap. 

12.5 

1.4 

1.5 

Gaaaarapaia  ap. 

>2.5 

1.4 

1.5 

Jaaaa  falcata 

12.5 

1.4 

1.5 

Undetermined 

75.0 

17.4 

13.8 

Total  Aaphipoda 

100.0 

47.8 

69.2 

Bryaoa 

Bugula  naritina 

25.0 

2.9 

3.1 

Number  of  itOHchf  niaintd:  26 

SxMinod  itoMchi  with  food:  8 


F 


V 


F 


V 


3.25  Centroprlatie  atriata 


Spring 

Su 

■nr 

Fall 

Winter 

l£St 

F 

N 

V 

F 

N 

V 

r 

N 

V 

F  N 

Alt** 

Cr.cll.rla  (oliif.r. 

4.0 

0.1 

0.3 

4.0 

0.1 

<0.1 

HrpM.  au.ci  tonal. 

4.0 

0.1 

0.3 

4.0 

1.7 

<0.1 

20.0 

0.7 

0.1 

Total  Algae 

4.0 

0.2 

0.6 

4.0 

1.7 

<0.1 

24.0 

0.8 

0.2 

Cnidaria 

Hydrosoa 

Sertularia  diataaa 

12.0 

0.2 

<0.1 

4.0 

0.1 

1.3 

Und.t.rainwJ 

4.0 

0.1 

<0.1 

8.0 

3.3 

0.1 

Total  Nydroro. 

16.0 

0.3 

<0.1 

8.0 

3.3 

0.1 

4.0 

0.1 

1.3 

An  thoso. 

Actlni.rl.  undot.niinod 

4.0 

1.7 

5.8 

Aaoolida 

Poly  chart. 

Arrt.ll.  tricolor 
■vdroid..  cnicia.ro 

4.0 

0.1 

0.3 

4.0 

0.4 

0.1 

Rydroidaa  dianthua 

4.0 

0.2 

0.6 

Taraballidaa  undetermined 

B.O 

0.2 

1.1 

Undetermined 

20.0 

0.6 

5.7 

4.0 

1.7 

<0.1 

Total  Poly cheat a 

36.0 

1.0 

7.7 

4.0 

1.7 

<0.1 

4.0 

0.4 

0.1 

Nolluaca 

Gaatropoda 


I 

) 


\ 


i 

i 

) 
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i 


a 


ft 


C«nt roprl.t i«  tttilti  -  continued: 


Spring 

Suaaer 

Fall 

Winter 

Pr>y 

F 

N 

V 

F 

N 

V 

F 

N 

V 

F  N 

Aatyria  lunata 

4.0 

0.1 

<0.1 

Turbonilla  intarrupta 

4.0 

0.1 

<0.1 

Undatarainad 

4.0 

1.7 

<0.1 

Total  Gastropoda 

4.0 

0.1 

<0.1 

4.0 

1.7 

<0.1 

4.0 

0.1 

<0.1 

Palacypoda 

Brechidontas  axuetua 

8.0 

0.2 

<0.1 

4.0 

1.7 

<0.1 

4.0 

0.3 

0.2 

Mueculus  lateral ia 

4.0 

0.1 

<0.1 

Undatarainad 

4.0 

1.7 

<0.1 

Total  Palacypoda 

12.0 

0.2 

<0.1 

8.0 

3.3 

0.1 

4.0 

0.3 

0.2 

Crustacea 

Copapoda 

4.0 

0.1 

<0.1 

Hyaidacaa 

Neoaysis  aaericena 

8.0 

9.2 

1.8 

Undatarainad 

4.0 

1.7 

<0.1 

Iaopoda 

Erichaonalla  filiforaia 

8.0 

0.4 

<0.1 

Paracarcaia  caudate 

8.0 

0.2 

0.2 

8.0 

3.3 

<0.1 

Aaphipoda 

Aapithoidee  undatarainad 

4.0 

0.2 

<0.1 

Atylua  ap. 

8.0 

0.9 

<0.1 

Batea  catharinanaia 

4.0 

0.1 

<0.1 

Cap r alia  aquilibra 

40.0 

6.9 

1.5 

16.0 

8.8 

0.7 

Caprclla  penantie 

76.0 

24.7 

5.0 

20.0 

48.2 

3.6 

Capralla  ap. 

4.0 

5.3 

0.1 

Carapua  tubularis 

32.0 

10.6 

0.4 

Corophiua  acherusicua 

4.0 

0.8 

0.1 

Corophiua  ap. 

8.0 

0.2 

<0.1 

Elaaaopua  levia 

4.0 

0.2 

<0.1 

Elaaaopua  ap. 

4.0 

0.3 

<0.1 

Erichthoniua  braailianaia 

48.0 

7.6 

0.6 

20.0 

11.0 

0.5 

Gaaaaropaia  ap. 

60.0 

26.9 

3.9 

8.0 

0.5 

<0.1 

Jaaaa  lalcata 

36.0 

6.0 

0.4 

8.0 

2.0 

0.1 

Laaboa  aaithi 

4.0 

0.1 

<0.1 

4.0 

1.7 

<0.1 

Laucothoa  apinicarpa 

4.0 

0.1 

<0.1 

Lyaianopaia  alba 

12.0 

0.4 

0.1 

Halite  appandiculata 

8.0 

0.5 

0.1 

4.0 

0.4 

<0.1 

Photie  ap. 

4.0 

0.3 

<0.1 

Steaothoe  leonien* 

8.0 

0.2 

<0.1 

4.0 

5.1 

0.1 

Uniciola  diasiailis 

4.0 

0.1 

<0.1 

Uniciole  ep. 

4.0 

0.1 

<0.1 

Undatarainad 

8.0 

0.3 

<0.1 

Total  Aaphipoda 

96.0 

81.2 

12.1 

4.0 

1.7 

<0.1 

48.0 

87.6 

5.5 

Dacapoda 

Acataa  aaaricanua 

8.0 

10.0 

0.1 

Brechyure  undatarainad 

4.0 

0.3 

0.7 

Cancer  irroratua 

32.0 

0.9 

15.8 

Croniua  nibar 

12.0 

0.4 

0.8 

I 

I 

I 

1 


Cent ropria tie  itrUti  -  continued: 


Spring 

Si 

maer 

Fall 

Winter 

Prjx 

r 

N 

”  V 

r 

N 

V 

F 

N 

V 

F  N 

Hypleurochilua  geeinatus 

6.0 

0.2 

4.4 

4.0 

0.3 

3.1 

Hypeoblenniue  hentri 
Leioetaaus  zanthurua 

4.0 

0.6 

2.0 

4.0 

0.1 

0.9 

Henidia  aenidia 

Mltll  ctphtlua 

4.0 

0.1 

0.5 

4.0 

1.7 

4.3 

Undetermined 

24.0 

0.5 

23.9 

24.0 

10.0 

27.6 

16.0 

0.7 

10.9 

Tot el  Pieces 

44.0 

1.4 

32.9 

68.0 

27.9 

69.7 

56.0 

2.6 

54.4 

Nuaber  of  atoaacha  exeained: 

25 

25 

25 

Ezaained  etoaeche  with  food: 

25 

25 

25 

3.26  Poaatoaue  ealtatrix 


Spring 

Si 

SMt 

Fall 

Winter 

Prer 

F 

N 

V 

F 

N 

V 

F 

N 

V 

F  N 

Annelids 

Poly cheat a 

Nereis  succinea 

12.0 

86.8 

7.7 

Crustacea 

Stoaetopoda 

Squills  ap. 

4.0 

0.5 

<0.1 

Decapods 

Arenaeus  cribrarius 

4.0 

0.5 

6.2 

Chordata 

Pisces 

Anchoa  hepsetue 

5.0 

3.2 

1.7 

Ancho.  aitcbilli 

2.5 

1.6 

0.8 

Brevoortia  tyrannus 

27.5 

17.5 

27.2 

48.0 

6.8 

65.0 

28.6 

28.6 

57.2 

Centropristis  striata 

8.0 

1.0 

4.2 

Chloroecoabrus  chryaurus 

4.0 

0.5 

1.1 

Clupeidae 

37.5 

23.8 

19.3 

4.0 

0.5 

1.3 

Leiostoaue  zanthurua 

7.5 

4.6 

15.0 

tobru  aartinica 

28.6 

28.6 

23.2 

Henidia  aenidia 

10.0 

42.9 

32.6 

Micropoconiaa  undul.tu. 

4.0 

0.5 

6.9 

Opiathonaaa  ollinia 

20.0 

2.4 

5.5 

Poaatoaua  aal tetri z 

14.3 

14.3 

12.0 

Urophycia  earlli 

4.0 

0.5 

2.0 

Undetermined 

10.0 

6.3 

3.3 

28.6 

28.6 

7.5 

Total  Pisces 

100.0 

loo.o  : 

100.0 

92.0 

12.2 

86.1 

100.0 

100.0 

100.0 

Nuaber  of  atoaacha  ezaained: 

40 

25 

18 

Ezaained  etoaeche  with  food: 

40 

25 

7 

a 
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3.27  Cbloroteeabrut  chrreurua 


Sprint 

s 

IMMI 

Ftgt 

r 

N  V 

r 

N 

V 

tonal ida 

Folpcbaaata  undatatainad 

50.0 

33.3 

33.3 

Croat  a  cat 

Copapoda  uadatarainad 

SO.O 

33.3 

16.7 

taphipoda  undatatainad 

SO.O 

33.3 

16.7 

Docapoda  uadatarainad 

SO.O 

33.3 

33.3 

Mnabar  of  atoaaeba  anaainadi 

l 

2 

Ezaained  atoaaeba  uith  food) 

0 

2 

3.28 

Trachinotua  carol  lima 

Sprint 

S 

war 

Tin. 

r 

N  V 

r 

N 

V 

Cruatacea 

Decap oda 

Faturua  lonticarpua 

100.0 

100.0 

100.0 

Nuabor  of  atcaichs  csaiincd: 

i 

0 

Eioiinad  itouchf  with  food: 

0 

1 

3.29  Selant  ietapinnlt 
_ Sprint  SuaMt 

fra  t  N  V  f  It  V 

Mol lute* 

Cephalopoda 

Lollituncula  brag la  100.0  50.0  96. S 

Chordata 

Fit cot 

Bravoortla  trytnnue  100. 0  50.0  3.2 


Nunbar  of  atoaaeba  azaninad: 
Ezaained  atoaaeba  with  food! 


1 

1 


H_  fc>. 


I.  jl.  jt.  >t,  tl.  ft,  J»»,  /». 


3.30  Selene  voaer 

Summer 

Pall 

Winter 

Crustacea 

Hyaidacaa 

Bowaniella  ep. 

Dacapoda 

Ogyridea  ap. 

Chordata 

Piacea 

Anchoa  hepsetua 

Blenniidae  undetermined (larvae) 
Undetermined 
Total  Piacea 


Number  of  atomacha  examined: 
Examined  atomacha  with  food: 


33.3  12.5  0.6 


33.3 

50.0 

95.0 

66.7 

37.5 

4.4 

100.0 

87.5 

99.4 

66.7  66.7  64.5 


33.3  33.3  35.5 

33.3  33.3  35.5 


3.31  Orthopriatia  ch rye opt era 


A 


>VV*t 


Orthoprig tig  chnrtopttrt  -  continued: 


Annelida 

Polychaeta 

Sabellaria  vulgarie 


Mol lua ca 
Gaatropoda 

Aatyrig  lunata 


Pelecypoda 

Brachidontgg  exuatua 


Chalice rate 
Pycnogonida 

Tanyatrlum  tub i root run 


Cruatacaa 
Ci  rripadia 

Chthamalua  fratllia 


Iaopoda 


spring 

St 

smer 

Fall 

Prey 

F 

N 

V 

F 

N 

V 

F 

N 

V 

Stenotboe  ap. 

14.3 

2.3 

<0.1 

Total  Aaphipoda 

14.3 

4.6 

0.3 

Decap oda 

Lyemata  wurdemanni 

14.3 

2.3 

7.8 

Number  of  atomacha  examined: 

7 

Examined  atoaacha  with  food: 

7 

3 

.32 

Archoaargua  prohat 

ocephalua 

Spring 

Sumner 

Fall 

Prat 

F 

N 

V 

F 

N 

V 

F 

N 

V 

Alt*. 

Clodophor.  l.etiv.r.n. 
Gracilaria  foliifera 

100.0 

0.6 

4.1 

100.0 

12.5 

21.6 

33.3 

0.4 

35.7 

Hypnea  muaciformis 

33.3 

0.4 

7.3 

Ul..  ap. 

33.3 

0.4 

4.3 

Total  Alga. 

100.0 

0.6 

4.1 

100.0 

12.5 

21.6 

50.0 

1.3 

*7.3 

Cnidarla 

Hydrosoa 

Clavldae  und.t.tained 
Droaa.na  comic  in. 

100.0 

0.6 

5.5 

16.7 

0.2 

0.3 

Obelia  ceniculta 

100.0 

12.5 

1.3 

66.7 

0.8 

5.5 

Sertularia  diatana 

33.3 

0.4 

0.7 

Stomolophue  meleagria 

16.7 

0.2 

2.0 

Total  Hydroto. 

100.0 

0.6 

5.5 

100.0 

12.5 

1.3 

66.7 

1.7 

6.5 

Winter 


F  N  V 


Winter 


F  N  V 


100.0  20.0  25. 0 


16.7 

0.2 

<0.1 

66.7 

31.9 

3*. 8 

16.7 

0.2 

<0.1 

33.3 

20.2 

9.8 

100.0  20.0  6.2 


I 


Archowwi  prohat ocaphalua  -  continued: 


Spring 

Si 

aair 

Pali 

Winter 

llSL 

r 

N 

V 

p 

N 

V 

p 

N 

V 

F 

N 

~ 

Brichaonalla  filiforaia 

100.0 

1.3 

<0.1 

Faradella  quadripunctata 

100.0 

20.0 

25.0 

Amphipode 

Amp it hoe  valid* 

16.7 

0.2 

<0.1 

C.pr.11.  Muilibr* 

100.0 

12.5 

0.2 

16.7 

0.8 

<0.1 

Cap r el la  penanti* 

100.0 

20.3 

6.9 

66.7 

6.2 

0.2 

100.0 

20.0 

37.5 

C.r.pu.  tubul.ri. 

100.0 

0.6 

0.2 

100.0 

12.5 

0.2 

50.0 

22.1 

0.9 

Krichtboniua  braailienaia 

16.7 

3.8 

0.1 

100.0 

20.0 

6.2 

Jaaaa  falcate 

100.0 

5.9 

0.2 

66.7 

13.1 

0.6 

Stanothoe  georgiana 

16.7 

0.2 

<0.1 

Total  Amphipode 

100.0 

26.8 

7.3 

100.0 

25.0 

0.4 

83.3 

66.5 

1.6 

100.0 

40.0 

63.7 

Decap oda 

Cancer  irroratua 

too.o 

0.6 

3.5 

Zantbidae  undetermined 

100.0 

12.5 

10.8 

Bryocoa 

Membraaipora  arboreacena 

16.7 

0.2 

<0.1 

Bchinodermata 

Ophiuroidea  undetermined 

100.0 

12.5 

0.6 

Chordata 

Aacidiacea 

Eudiatoma  carolinenae 

100.0 

12.5 

64.9 

Nuaber  of  atamacha  examined : 

1 

1 

9 

1 

Examined  etomeche  with  food: 

1 

1 

6 

1 

3.33  Diplodue  holbrookl 


Prey 

Algae 

Algae  A 

Cracilaria  foliifera 
Hypnea  muaciforwie 
Forphyra  leucoaticta 
Total  Algae 

Protozoa 

Foraminifera 

Cnidaria 

Hydrozoa 

Dynamo na  quadridontata 
Obeli a  geniculate 
Total  Hydrozoa 


Spring 


100.0  16.7  15.0 


100.0  16.7  43. 1 

100.0  33.3  58.1 


F 

N 

V 

50.0 

0.8 

26.8 

50.0 

0.8 

0.2 

100.0 

1.7 

26.0 

50.0 

1.7 

<0.1 

50.0 

0.8 

0.2 

100.0 

1.7 

0.5 

100.0 

2.5 

0.7 

Fall 


Winter 
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Dipiodua  bolbroobi  -  continued: 


Spring 

St 

■war 

Fall 

Wint.r 

liar 

r  n  v 

r 

ti 

V 

F  N  V 

F  N 

Hoi  lueca 

Gaetropoda 

Astyrii  lunata 

50.0 

0.8 

1.7 

Felaeypoda 

Brachidontee  axuetua 

50.0 

46.1 

36.6 

Cruet neon 

Cirripedia 

50.  P 

2.6 

0.2 

100.0  2.2  2.7 

Ieopoda 


Paradalla  quadr ipunctata 
Sphaeroaatidae  undetermined 

50.0 

0.8 

3.7 

100.0 

3.1 

4.0 

Anphipoda 

Cap r alia  equilibra 

50.0 

1.7 

0.2 

100.0 

13.6 

17.7 

Cap r alia  penantia 

Carapua  tubular ia 

100.0 

50.0 

23.9 

50.0 

2.6 

0.5 

100.0 

42.0 

53.6 

Corophiua  tubcrculatua 

50.0 

2.6 

0.2 

Brichthoniua  braeilienaia 

50.0 

1.7 

0.2 

Caaaaropeie  ap. 

50.0 

2.6 

0.2 

Jaaaa  falcate 

100.0 

13.8 

11.4 

Lnaboe  wabateri 

Rhapoayniue  apiatoaus 

50.0 

26.5 

1.2 

50.0 

3.6 

1.5 

St  mot  ho.  votKiana 

Stanotboa  ap. 

50.0 

0.8 

0.1 

100.0 

21.4 

9.1 

Total  Aaphipoda 

100.0 

50.0 

23.9 

100.0 

38.5 

2.7 

100.0 

94.6 

93.3 

Dacapoda 

Lyaaata  vurdeaanni 

50.0 

2.6 

26.8 

Sipuncula 

100.0 

16.7 

18.0 

Bryoaoa 

Bugula  turrit a 

50.0 

0.8 

1.7 

Nuabar  of  etcaache  examined: 

1 

2 

2 

Eaaained  atoaacha  with  food: 

1 

2 

2 

Spring 

3.34  Lagodon  rhoaboidea 

7.11 

Uintar 

Fra 

F  N 

V  7  H 

V 

F 

N 

V 

F  N  V 

Alga  a 

Al|a«  A 

25.0  0.* 

0.6 

22.2 

<0.1 

0.1 

Cladopbora  laativarana 

n _ - 

fl  C  1  1 

41.7  0.0 

6.7 

11.1 

<0.1 

<0.1 

U|pdcn  rhcgboidti  -  continued 


Fall 

N 


list 


Spring 


Winter 


Cracilaria  foliifera 
ftrpnto  gticifonti; 
Porphyra  leucoaticta 
Ulvo  ap. 

Undetermined 
Total  Al*ee 


Protoxoa 

Foraminifera 
Pori fare 

Undetermined 


Cnideria 

Hydroxoa 

Cl ev idee  undetermined 
Pynanena  comicine 
Dynamo ne  quedridentet a 
Eudendrium  ep. 

Hebe lie  acandena 
Obeli e  dichotcma 
Obeli a  geniculate 
Plumuleriidae  undetermined 
Sertularla  diet ana 
Sertulariidae  undetermined 
Thyroacyphua  marginatua 
Undetermined 
Total  Hydroxoa 


Annel ida 
Poly cheat a 

Ampharetidae  undetermined 
Arabellidae  undetermined 
Harphyea  aanguinea 
Sobol leria  vuliarie 
Schiatcmeringoa  rudolphi 
Total  Poly cheat a 


Hollueca 
Pel ecypodm 

Bracbidontee  aaruatua 


Cruet acea 
Copepoda 
Cirripedia 

Lepadidae  undetermined 
Undetermined 
Total  Cirripedia 


Myeldacea 

Bornmeniolla  ap. 
Undetermined 
Total  Hyaidacee 


33.3 

0.5 

3.7 

22.2 

<0.1 

0.5 

25.0 

0.4 

0.6 

33.3 

0.1 

1.2 

25.0 

0.4 

17.3 

12.5 

2.3 

0.2 

8.3 

0.1 

1.2 

11.1 

<0.1 

<0.1 

25.0 

4.5 

0.8 

58.3 

2.5 

30.6 

66.7 

0.2 

1.9 

11.1 

<0.1 

<0.1 

11.1 

<0.1 

1.0 

12.5 

2.3 

3.0 

22.2 

<0.1 

0.6 

11.1 

<0.1 

0.5 

11.1 

<0.1 

0.3 

11.1 

<0.1 

<0.1 

25.0 

0.4 

0.3 

22.2 

<0.1 

0.3 

25.0 

0.4 

2.4 

22.2 

<0.1 

0.5 

8.3 

0.1 

<0.1 

66.7 

0.1 

0.7 

8.3 

0.1 

<0.1 

8.3 

0.1 

<0.1 

11.1 

<0.1 

<0.1 

12.5 

2.3 

3.0 

*1.7 

1.1 

2.8 

77.8 

0.3 

3.1 

11.1 

<0.1 

0.6 

11.1 

<0.1 

2.1 

11.1 

<0.1 

0.2 

11.1 

0.1 

2.9 

25.0 

6.4 

1.8 

loo.o 

6.0 

13.6 

12.5 

2.3 

<0.1 

8.3 

5.1 

1.8 

25.0 

0.5 

<0.1 

33.3 

5.6 

1.9 

8.3 

0.4 

0.2 

8.3 

0.2 

<0.1 

16.7 

0.6 

0.3 
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50.0  10.0  30. S 

50.0  10.0  7.7 

100.0  20.0  38.5 


Um4o«  rtgbWM  -  coatlnuadt 

Ira. 


tocUul  tomm 
lric>M«tU»  HHlonli 

taphipoda 

Ctidlt  aquiljbra 

Caprallidaa  undttmintd 
Ottim  tubularla 
Corophjy  acharuaicy 
Corophjy  Ucwtrt 
Corophjy  ap. 
trichthoniua  braallianala 
Gaaaarogaia  ap. 

Jaaaa  falcata 
Lyboa  aabata ri 
Stanothoa  aaoraiana 
Undatarainad 
Total  Aapbipoda 

Dacapoda 

Aeataa  aaaricana 
Brachyura  undatarainad 
Callianaaaa  bilataia 
Hat  ant  ia  undatarainad 
Oarrldaa  ap. 

Qyalipaa  ocallatua 
PaRuridaa  undatarainad 
Pinnlaa  criatata 
Rapt ant ia  undatarainad 
Xanthidaa  aagal opa 
Total  Dacapoda 

Bryoaoa 

Buaula  narit ina 
Crlala  ap. 

Haabranlpora  ap. 

Total  Bryoaoa 

Bchinodaraata 

Ophluroidaa 

Onblotbria  an aula t a 

Chordata 

Aacldlacaa 

Dldaanua  candtdy 


37.5  68.2  6.5 


37.5  66.2  6.5 


25.0  6.5  6.0 


25.0  6.5  6.0 


Sumr 

r 

N 

V 

8.3 

0.1 

0.1 

8.3 

3.1 

0.6 

8.3 

15.3 

6.8 

16.7 

4.0 

0.2 

e.3 

0.2 

<0.1 

8.3 

0.7 

0.1 

8.3 

6.5 

0.8 

8.3 

0.5 

0.1 

25.0 

37.8 

3.6 

8.3 

6.6 

0.6 

25.0 

74.6 

10.7 

8.3 

6.5 

2.7 

33.3 

0.5 

15.6 

8.3 

0.1 

0.9 

8.3 

0.1 

1.2 

8.3 

0.1 

0.6 

8.3 

0.5 

<0.1 

8.3 

0.1 

<0.1 

50.0 

8.0 

21.0 

8.3 

0.1 

<0.1 

8.3 

0.1 

<0.1 

8.3 

0.1 

<0.1 

8.3 

0.4 

0.1 

Hintat 
N  V 


33.3 

0.1 

0.2 

33.3 

1.0 

1.1 

88.9 

18.7 

26.0 

50.0 

10.0 

19.2 

66.6 

56.1 

31.3 

50.0 

10.0 

3.8 

66.6 

0.5 

0.3 

11.1 

<0.1 

<0.1 

55.5 

3.1 

1.6 

100.0 

20.0 

11.5 

50.0 

20.0 

15.6 

100.0 

16.3 

6.6 

50.0 

10.0 

3.8 

11.1 

0.1 

<0.1 

66.7 

1.2 

0.6 

11.1 

<0.1 

<0.1 

100.0 

93.1 

65.2 

100.0 

70.0 

53.8 

11.1 

<0.1 

11.9 

50.0 

10.0 

7.7 

11.1 

<0.1 

11.9 

33.3 

0.1 

0.2 

33.3 

0.1 

0.2 

11.1 

<0.1 

<0.1 

50.0  10.0  7.7 


8.3  0.1  6.0 


Uio4ob  rhoaboidss  -  contisusd: 

Sprint 

Si 

Pall 

Winter 

t!SL 

r 

N 

V 

r 

N 

y 

P 

N  V 

F  M 

Mich 

Bl.nniida.  uadittnlnid 

8.3 

0.1 

4.2 

Innntli  tyrannic. 

16.7 

0.2 

16.7 

Cobioaona  ainaburai 

12.5 

4.5 

19.  * 

Unde  t  stained 

75.0 

13.6 

67.9 

16.7 

0.2 

3.9 

Total  Piscss 

87.5 

18.2 

67.6 

41.7 

0.6 

24.7 

Muabsr  of  stoaschs  sxsainsd: 

8 

14 

9 

2 

Exaaixisd  stoaschs  with  food: 

a 

12 

9 

2 

3.35  Cynoscion  Mfculowi 


s 


$1 

l:‘i 


Mollusc* 

Caphalopoda 

Lolliauncula  brevis 


Crustscss 
Dscapods 
Alphsua  sp. 

0»rridss  sp. 

Tot  si  Dscapods 

Chordsts 

Piscss 

Anchoa  hspsstus 
Lsloatoau*  santhuru* 
Hanbras  aartinica 
Opisthonaas  oilims 
Undate rained 
Tot si  Piscss 


Nuaber  of  stoaschs  naained: 
Ex as in sd  stoaschs  with  food: 


Sprint 

l 

s 

uaaer 

Pali 

P 

N 

V 

p 

N 

V 

P 

N 

V 

35.3 

3.1 

11.1 

5.9 

0.4 

0.6 

70.6 

73.8 

14.6 

76.5 

74.2 

15.2 

64.7 

13.1 

36.9 

100.0 

loo.o 

100.0 

17.6 

6.9 

18.6 

33.3 

66.7 

57.5 

5.9 

1.9 

16.7 

33.3 

16.7 

39.1 

11.8 

0.8 

1.3 

33.3 

16.7 

3.4 

100.0 

100.0 

100.0 

100.0 

22.7 

73.7 

100.0 

100.0 

100.0 

h 


3.36  Orooocioo 


Chordata 

Piacoa 

Aachoa  haoaatua 
Laioatcoua  aanthuni. 

CTgla-gaOTa - 

Oplathna«a«  oalima 
UodatOTainad 
Total  Fiaeoa 


Nuobor  of  .touch.  oxaoinod: 
Bsaaiood  otoucho  with  foods 


60.0 

30.0 

87.1 

20.0 

10*  0 

2.2 

66.7 

75.0 

90.4 

40.0 

60.0 

0.7 

33.3 

23.0 

9.6 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

8 

3 

5 

3 

1.37  L.lo.tcau.  aartburua 


Algaa 

Al|aa  C 

Crocilaria  foliifara 
Hypnaa  ouaciforoia 
Total  Alcoa 

Cnidoria 

Hydro.oa 

Obollo  aaoiculata 
iortularla  dlatana 
Total  Hydro.oa 

Aonalida 
Poly chart a 


■rdroida.  dianthu. 

5.5 

0.2 

1.4 

Naroia  ap. 

Marais  auccinoa 
Oodatoninad 

5.5 

0.1 

1.4 

10.5 

0.6  3.2 

Total  Polpchaeta 

5.5 

0.5 

2.7 

10.5 

0.4  3.7 

Holluoca 

Gastropod. 

Aatrrio  lunata 


Total  Gaatropoda 

P.lacypoda 

Amla  aiapln 


jujl  m 

TTrn.'it.'ifmgl 

1  nn?lTrMg 


Tglliaa  ap 

cardiua  awticatu 


13.8  1.*  1.7 
13.8  1.6  1.7 


13.8  1.0  1.4 

32.6  38.4  30.1 


16.8  1.8 
10.3  0.4 


73.0  80.0  44.7 
23.0  20.0  33.1 


100.0  100.0  100.0 


Pali 

P 

N 

V 

4.4 

<0.1 

<0.1 

4.4 

<0.1 

<0.1 

4.4 

<0.1 

<0.1 

8.7 

<0.1 

<0.1 

13.0 

<0.1 

<0.1 

8.7 

<0.1 

<0.1 

17.4 

<0.1 

0.1 

8.7  0.1  0.2 
B.7  0.1  0.2 


26.1 

0.4 

1.6 

4.4 

<0.1 

<0.1 

60.9 

14.4 

40.0 

10.4 

0.1 

1.4 

UiogtjMi  Mathurui  -  continued: 


*J£L 

Ihepaamiuo  apiatcama 
S  foot  boo  gaorgiana 
Ennaapithoa  op. 
Ondateiained 
Total  Aaphipoda 

Dacapoda 

Brachyura  unde t orainod 
Diaaodactylua  gallitaa 
Eaarita  talpoido 
lurypanopeua  dapraaaua 
Grapaidaa  undot orainod 
Bate  roc  ry pt  a  gtamUti 
tiblnia  dubia  aagalopa 
Libinia  ap. 

Opr  idea  hoyi 
Opr  idea  op. 

Paguridao  uodat orainod 
Pagunsa  ap. 

Pinniaa  chaetopt orana 
Pinniia  criatata 


Spring 


83.3  4.7  53.4 


Port  uni  da  o  undo  to  mi  nod 

5.5 

0.1 

4.1 

Portunua  ap. 

Xantbidao  undot orainod 

Undot orainod  rooa 

11.1 

0.3 

1.4 

Total  Dacapoda 

16.7 

0.4 

5.5 

Sipuncula 

Btyoxoa 

Aavorrlllia  ootigora 
luaula  naritina 
Criaia  ap. 
Mfbratiipora  ap. 

Total  Bryosoa 

Kchinodaraata 

Opbiuroidaa 

Ophlothrii  angulata 

Chordata 

Aacidiacaa 

Eudiatcaa  carol inonaa 


Nuaber  of  atoaacha  examined: 
Ex  aa  in  ad  atoaacha  with  food: 


20 

IS 


26 

19 
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Pall 


P 

N 

V 

P 

N 

V 

15.8 

1.9 

0.3 

30.4 

7.5 

2.7 

5.3 

0.1 

<0.1 

4.4 

<0.1 

<0.1 

78.9 

20.3 

7.4 

73.9 

58.0 

67.0 

5.3 

0.1 

4.1 

5.3 

0.] 

0.1 

15.8 

0.4 

1.3 

8.7 

<0.1 

0.3 

4.4 

<0.1 

0.3 

4.4 

<0.1 

0.2 

5.3 

0.3 

0.1 

5.3 

0.3 

0.1 

5.3 

0.1 

0.9 

10.5 

0.6 

0.9 

10.5 

0.6 

7.7 

5.3 

0.1 

<0.1 

5.3 

0.3 

0.1 

13.0 

0.1 

1.9 

8.7 

0.1 

1.2 

10.5 

0.3 

0.2 

4.4 

<0.1 

<0.1 

4.4 

<0.1 

0.5 

63.2 

3.2 

15.8 

63.5 

0.3 

4.3 

4.4 

<0.1 

0.1 

6.6 

<0.1 

<0.1 

8.7 

<0.1 

<0.1 

8.7 

<0.1 

<0.1 

4.4 

<0.1 

<0.1 

21.7 

0.1 

0.1 

4.4  <0.1  <0.1 


25 

23 


Winter 


11.1  16.9  5.8 


11.1  0.2  0.1 

44.4  87.9  83.5 


11.1  0.2  0.2 


23 

9 


m 


m 


Swig] 


9.38  Hant iclrrhua  aparicanua 


IIS. 

Alp* 

Hypntft  gwcifoaii 

Molluaca 

Palacypoda 

Brochidontaa  wuitjji 


CniitKU 

Stoaatopoda 

Mannoaquilla  ap. 

Dacapoda 

Eparita  talpolda 
Ogyridaa  hayi 
Pinniaa  criatata 
Fortunua  gibbtiii 
Undatarpinad 
Total  Dacapoda 

Chordata 

Piacaa 

Undatarpinad 


SprinR 

s 

Mar 

Fall 

F 

H  V 

F 

N 

V 

F 

N 

V 

33.3 

11.1 

4.8 

33.3 

11.1 

0.4 

100.0 

5.6 

37.5 

33.3 

11.1 

38.5 

100.0 

94.6 

62.5 

100.0 

100.0  100.0 

33.3 

33.3 

19.2 

33.3 

11.1 

7.7 

100.0 

100.0  100.0 

100.0 

94.4 

62.5 

66.7 

66.7 

68.6 

33.3 

11.1 

25.9 

Wintar 
F  N 


Nuabar  of  atoaacha  axaninad:  1 

Exaainad  atopacha  with  food:  1 


1 

1 


3 

3 


3.39  Hanticirrhua  littoralia 


Spring 

Si 

ipper 

Fall 

tisz 

F 

N 

V 

F 

N 

V 

F 

N  V 

Mollu.c. 

Gastropod. 

Odo.to.ia  laniilti 

4.3 

0.9 

<0.1 

Palacypoda 

Brachidontaa  axustua 

4.3 

2.8 

0.1 

33.3 

2.7 

0.2 

Donu  v.ri.bili. 

50.0 

21.6 

7.4 

Total  Falacypoda 

4.3 

2.8 

0.1 

83.3 

26.3 

7.6 

Cruatacaa 

Hyaidacaa 

Bowaanialla  ap, 

Naopyaia  aparicana 

4.3 

0.9 

<0.1 

66.7 

9.5 

1.8 

Apphipoda 

Lapboa  wabatari 

4.3 

0.9 

<0.1 

Farahauatoriua  lontiaama 

13.0 

26.8 

0.6 

16.7 

2.7 

0.1 

9.1 

13.5  0.1 

Frotohauatoriua  daichaannaa 

8.7 

3.7 

<0.1 

Wintar 

F  N 


Htatidrrbu*  littoralia  -  cont 

llSL 

Total  Aaphipoda 
Dacapoda 

Callianaaaa  najor 

Eaarita  talpoida 
Ogyridaa  hayi 
Ogyridaa  ap. 

Oval ip aa  ocallatua 
Ovalipaa  ap. 

Pinnixa  chaatoptarana 
Pinnixa  criatata 
Portunua  ap. 

Trachypanaaua  conatrictua 
Total  Dacapoda 

Chordata 

Piacaa 

Undatarainad 


Nuahar  of  atoaacha  exaainad: 
Exaainad  atoaacha  with  food: 


F  N  V 
17.4  31.8  0.6 


4.3  2.8  11.3 

52.2  14.8  54.2 

13.0  3.7  0.6 

21.7  20.4  17.3 

21.7  10.2  11.6 

8.7  6.5  0.6 

4.3  1.8  0.1 

4.3  0.9  3.4 

95.6  61.7  99.2 


4.3  1.8  <0.1 


F 

N 

V 

16.7 

2.7 

0.1 

100.0 

58.1 

44.2 

16.7 

1.3 

42.2 

33.3 

4.0 

4.1 

100.0 

63.5 

90.5 

F  N  V 

9.1  13.5  0.1 


90.1  81.1  99.8 

9.1  2.7  <0.1 


9.1  2.7  0.1 

100.0  66.5  99.9 


3.40  Micropoftoniaa  undulatus 


Su— a 
F  N 


Croat  acaa 
Myaidacaa 

Bowaanialla  ap. 

Dacapoda 

Ogyridaa  ap. 
Panaaua  ap. 
UndataraiAad 
Total  Dacapoda 


25.0  42.8 


25.0  14.3  1.7 

50.0  28.6  54.8 

25.0  14.3  43.3 

100.0  57.2  99.9 


Nuabar  of  atoaacha  axaainad: 
Exaainad  atoaacha  with  food: 


7 

4 


Fall 

N 


Winter 


Cruet acaa 
Cirripedia 

My.idacea 

Bowanialle  ap. 


leopoda 

Ancinua  doorae.ue 
Paradolla  guedrlpunctata 
Total  leopoda 

Aaphipoda 

Jaaaa  falcate 
Undetermined 


Spring 

list 

t 

N 

Alpao 

Alfa  a  A 

33.3 

0.1 

<0.1 

Alpaa  C 

16.7 

0.1 

<0.1 

Al(a  a  D 

16.7 

0.1 

<0.1 

Alpaa  I 

Cladophora  laacivarana 

16.7 

16.7 

0.1 

0.2 

Cracilaria  foliifera 

0.1 

0.2 

Mvonaa  auaci  foraia 

33.3 

0.1 

0.3 

foiphyri  laucoaticta 

16.7 

0.1 

<0.1 

Total  Alfa* 

66.7 

0.6 

0.8 

Cnidaria 

Hydrosoa  undetermined 

16.7 

0.1 

<0.1 

Annelida 

Polychaeta 

Arabella  iricolor 

Naraia  ap. 

33.3 

0.3 

<0.1 

Undetermined 

16.7 

0.1 

0.1 

Total  Polychaeta 

50.0 

0.4 

0.1 

Molluaca 

Gaet ropode 

0.1 

<0.1 

Aatyria  lunata 

Bpitonlua  ap. 

16.7 

Pelecypoda 

Abra  aequalie 

Brachidontea  axuatua 

100.0 

94.8 

77.9 

Chiona  cancallata 

Chione  true 

Donas  variabilia 

Hulinia  lateral ia 

Nucula  proaiaa 

Tallin*  alternate 

16.7 

0.1 

<0.1 

Trachycardiua  auric at urn 
Total  Palacppoda 

100.0 

94.9 

77.9 

3.41  Poaonlaa  croaia 
Snap. r 


16.7 

16.7 


0.1  <0.1 

0.1  <0.1 
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33.3 

0.1 

<0.1 

33.3 

0.1 

<0.1 

66.7 

0.1 

<0.1 

33.3 

0.1 

0.1 

33.3 

0.1 

0.1 

66.7 

5.3 

0.2 

33.3 

0.1 

<0.1 

33.3 

1.2 

0.1 

33.3 

2.9 

0.8 

66.7 

40.8 

66.4 

100.0 

98.2 

94.5 

33.3 

5.3 

2.4 

33.3 

0.1 

0.1 

66.7 

14.2 

5.0 

33.3 

0.3 

0.4 

33.3 

1.8 

0.7 

33.3 

1.8 

0.8 

33.3 

0.1 

<0.1 

100.0 

68.1 

76.2 

100.0 

90.7 

95.1 

33.3 

0.6 

<0.1 

33.3 

0.1 

<0.1 

66.7 

2.4 

0.3 

33.3 

1.2 

0.7 

33.3 

0.4 

0.2 

33.3 

0.6 

0.1 

66.7 

1.8 

0.8 

33.3 

0.4 

0.2 

m 


i 


W!ww* 


/  y 

%  v 


Fotoaiaa  ctgjj  -  continued: 


Sprint 

Si 

aaar 

rail 

fSS 

P 

N 

V 

F 

N 

V 

F 

N 

V 

Total  Aophipod. 

33.3 

0.2 

<0.1 

Dacapoda 

Caacor  Irrotatua 

16.7 

0.3 

1.8 

barita  ap. 

66.7 

1.8 

1.5 

Hat.rocrrpt a  tranulata 

100.0 

7.7 

7.4 

baapanopma  aaauat ifrona 

33.3 

0.1 

0.4 

bovaaopa  aayi 

33.3 

1.8 

4.2 

OiriMta  ap. 

33.3 

0.6 

0.6 

Ovalipoa  ocallatua 

50.0 

2.8 

15.4 

famnii  lonticarpua 

16.7 

0.7 

3.9 

100.0 

4.1 

3.0 

Portuaua  aibbaaii 

66.7 

4.1 

5.2 

33.3 

0.3 

0.3 

Trachyptnatua  conet rictue 

33.3 

1.2 

0.2 

Xaathldaa  undot trained 

16.7 

0.1 

0.1 

33.3 

0.1 

1.7 

Total  Decapod* 

66.7 

3.9 

21.1 

100.0 

21.3 

22.2 

66.7 

0.4 

2.4 

Chordata 

Aacidiacea 

Diataplia  beraudenaia 

33.3 

0.1 

2.0 

Piacea  undaterained 

33.3 

0.6 

0.2 

Nuaber  of  etoaache  examined: 

8 

3 

3 

Bxaained  atoaacha  with  food: 

6 

3 

3 

3.42  Sci*tBO£»  OCtllltBI 


Spring 

Si 

aatr 

Fall 

Winter 

£12 

F  N  V 

r 

N 

V 

F 

N 

V 

F  N 

Cruatacea 

De  capo  da 

Ewer it a  talpoida 

33.3 

12.5 

16.7 

Our  idea  htyi 

33.3 

37.5 

2.8 

Panama  ap. 

33.3 

12.5 

13.9 

50.0 

50.0 

*7.6 

Portunua  tihbeaii 

50.0 

25.0 

9.5 

Total  Omapoda 

66.7 

62.5 

33.3 

50.0 

75.0 

57.1 

Chordata 

Piacaa 

Anchoa  h.pa.tua 

33.3 

25.0 

46.3 

Cl ape idea  undaterained 

33.3 

12.5 

20.4 

Undaterained 

50.0 

25.0 

*2.9 

Total  Piacea 

66.7 

37.5 

66.7 

50.0 

25.0 

*2.9 

Niabtr  of  atoMcha  aiailnad: 
liMina4  atoMcha  with  food: 


5 

3 


4 

2 


?isl 

AIgM 

Cladophora  litt imtng 
Gracilaria  foliifera 
HypftM  Mtcifowii 
Ulva  »p. 

Total  Algae 

Pori  fare 

Undetermined 

Cnidaria 

Hydrosoa 

Eudendrium  ep. 

Halocordyle  diaticha 
Obeli  a  dichotoata 
Obeli a  geniculate 
Sertularla  diatana 
Undetermined 
Total  Hydrozoa 

Anthozoa 

Actiniaria  undetermined 
Octocorallia  undetermined 
Total  Anthozoa 

Chelicerata 

Pycnogonida 

Anoplodactylue  inaignia 

Cruatacea 

laopoda 

Paracerceia  caudate 


Amphipoda 

Cap r el la  equilibra 
Caprella  penantla 
Carapua  tubularia 
grlchthoniua  braallienaia 
Gamma rope i a  ap. 

Jaaaa  falcate 
Halit a  appendlculata 
Stenothoe  gaorgiana 
Total  Amphipoda 

Decapoda 

Nat ant ia  undetermined 
Bryozoa 

Angulnella  palmate 
Bugula  nerltlna 
Schizoporella  errata 
Total  Bryozoa 


3 . 43  Cheat odipterua  faber 


Spring 

F  N  V 


Su 

rnner 

F 

N 

V 

16.7 

0.2 

0.1 

66.7 

0.9 

6.4 

83.3 

1.2 

0.9 

16.7 

0.2 

0.2 

100.0 

2.5 

7.5 

50.0 

0.7 

70.0 

16.7 

0.2 

<0.1 

50.0 

0.7 

1.7 

16.7 

0.2 

0.5 

66.7 

0.9 

0.1 

83.3 

2.1 

2.3 

33.3 

5.8 

12.2 

16.7 

0.2 

3.0 

50.0 

6.0 

15.2 

16.7 

0.2 

0.1 

16.7 

1.4 

0.1 

16.7 

3.2 

0.1 

33.3 

9.7 

0.5 

SO.O 

66.4 

1.1 

33.3 

0.5 

<0.1 

16.7 

0.2 

<0.1 

33.3 

1.6 

<0.1 

33.3 

1.6 

0.2 

50.0 

0.9 

<0.1 

83.3 

84.3 

1.9 

16.7 

0.2 

0.1 

16.7 

0.2 

<0.1 

33.3 

0.5 

0.7 

16.7 

0.2 

<0.1 

SO.O 

0.9 

0.7 

Fall 


F 

N 

V 

50.0 

0.1 

5.6 

50.0 

0.1 

18.9 

50.0 

0.1 

24.5 

50.0 

0.1 

4.8 

50.0 

0.1 

<0.1 

100.0 

0.1 

4.8 

50.0 

2.4 

15.9 

50.0 

2.4 

15.9 

50.0 

0.3 

0.4 

50.0 

78.7 

45.5 

50.0 

16.1 

6.3 

50.0 

2.1 

0.4 

50.0 

97.2 

52.7 

Winter 

F  N  V 
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Cfcae todipte  nil  Irttr  -  cone  inued: 


Spring 

Si 

■nr 

Tall 

fra 

F  N  V 

r 

N 

V 

F 

N 

V 

IcklMdtnttt 

Ophiuroid«a  undat.rainad 

33.3 

0.5 

0.2 

Chordata 

Aacidiacaa 

Didaama  candid* 

16.7 

0.2 

<0.1 

Diat.pl i a  baraudanaia 

33.3 

0.5 

0.4 

Budiatoaa  carolinenae 

33.3 

0.5 

1.4 

50.0 

0.1 

2.1 

Total  Aacidiacaa 

50.0 

1.2 

1.8 

50.0 

0.1 

2.1 

Winter 


Nwber  of  stoaachf  uaained:  6  2 

Kxiainad  ctouchi  with  food:  6  2 


Fray 

F 

Spring 

N 

V 

Algae 

Cel id jua  cr inale 

25.0 

0.5 

0.1 

Gracilaria  foliifera 
Hypnea  aueciformie 

Undetermined 

Total  Algpe 

25.0 

0.5 

Oal 

Cnidorio 

Hydrosoa 

Obeli o  geniculate 
Sertularia  diitam 
Dynaaena  quodridontoto 
Total  Hydrosoa 

Annelida 


Polychaeta 


Hydroidaa  dianthua 

Naraia  auccinea 

25.0 

0.5 

0.2 

Haraia  ap. 

50.0 

1.1 

0.* 

Total  Polychaeta 

Holluaca 

Caatropoda 

Astyris  lunate 

50.0 

1.6 

0.6 

Folinicaa  duplicatua 

25.0 

1.1 

0.1 

Undat.rainad 

50.0 

1.1 

0.2 

Total  Caatropoda 

75.0 

2.2 

0.3 

Falacjrpoda 

Brachidontea  ezuatua 

Donax  variabilia 

75.0 

*3.8 

65.6 

3.44  Tautoga  onitia 


Suaaer 

Fall 

F  N  V 

F 

N 

V 

50.0 

<0.1 

2.8 

20.0 

0.7 

0.5 

50.0 

<0.1 

0.7 

50.0 

<0.1 

0.1 

20.0 

0.7 

0.5 

100.0 

0.2 

3.6 

50.0 

<0.1 

0.1 

50.0 

<0.1 

0.1 

20.0 

0.7 

0.4 

20.0 

0.7 

0.4 

50.0 

0.1 

0.1 

20.0 

0.7 

2.4 

100.0 

0.2 

0.3 

100.0 

0.2 

0.3 

60.0  36.8  29.1  100.0 

3.2 

6.9 

50.0 

<0.1 

<0.1 

Winter 

F  N  V 


MW 


J2| 


TautoM  oniti*  -  continued: 

Spring 

St 

mer 

Fall 

Pray 

F 

N 

V 

P 

N 

V 

P 

N 

V 

Hue cuius  lateralis 

25.0 

0.5 

0.1 

Total  Palecypoda 

100.0 

44.3 

65.7 

60.0 

38.8 

29.1 

100.0 

3.2 

6.9 

Chelicarata 

Pycnogonida 

Tany stylus  orbicular® 

50.0 

<0.1 

0.1 

Crustacea 

Cirripedia 

Balanua  iaprovisus 

20.0 

49.0 

37.7 

I sopors 

Erichaonalla  filiforsis. 

100.0 

0.1 

0.6 

Paracerctia  cauda t a 
Paradella  quadripunctata 

20.0 

1.4 

0.3 

50.0 

<0.1 

0.1 

Total  Iaopoda 

20.0 

1.4 

0.3 

100.0 

0.2 

0.7 

Aaph  ipoda 

Cap r el la  equilibra 

50.0 

0.3 

0.4 

Cap  r  el  la  penantis 

75.0 

10.3 

2.6 

100.0 

80.1 

66.9 

Cerapua  tubular is 

Corophiua  lac us t re 

Corophiua  ap. 

25.0 

1.1 

0.4 

20.0 

0.7 

0.1 

50.0 

0.1 

<0.1 

Elaaaopua  lev  is 

25.0 

3.2 

0.3 

50.0 

<0.1 

<0.1 

Erichthonius  brasilienaia 

50.0 

3.2 

0.4 

50.0 

<0.1 

<0.1 

Gaaaaropsie  ap. 

75.0 

25.9 

5.0 

Jaaaa  falcata 

Lesbos  asithi 

25.0 

1.1 

0.2 

100.0 

13.8 

10.6 

Melita  dentata 

25.0 

1.1 

0.2 

Parhyale  hauaiensia 
Stenothoe  georgiana 
Sunaapithoe  ap. 

25.0 

0.5 

0.0 

40.0 

2.0 

0.2 

100.0 

1.4 

0.6 

Total  Aaphipoda 

100.0 

46.5 

9.9 

40.0 

2.7 

0.3 

100.0 

95.8 

78.6 

Decapoda 

Hezapanopeue  anguatifrona 
Libinia  dubia 

25.0 

1.1 

6.0 

40.0 

3.4 

14.0 

Panopeua  herbatii 

Reptantia  undetermined 

25.0 

1.6 

16.  1 

20.0 

0.7 

4.4 

50.0 

<0.1 

0.6 

Xanthidae  undetermined 

50.0 

0.1 

5.6 

Total  Decapoda 

50.0 

2.7 

22.1 

60.0 

4.1 

18.4 

100.0 

0.2 

6.1 

Bryozoa 

Bugula  neritina 

25.0 

0.5 

0.4 

Bugula  turrit  a 

25.0 

0.5 

0.4 

Criaia  ap. 

25.0 

0.5 

0.2 

Hasbranipora  tenuia 

Thai  a  sopor  el  la  gothics 

25.0 

0.5 

0.1 

60.0 

2.0 

10.9 

50.0 

<0.1 

1.5 

Total  Bryozoa 

25.0 

2.2 

1.1 

60.0 

2.0 

10.9 

50.0 

<0.1 

1.5 

Mint* r 
P  N 


Tuto—  oaltie  -  continued: 

fjSL 


Fall 

F  N  V 


Winter 
N  V 


W 

M 


Chordata 

Aecidiacea 

ludlatcaa  carol iaenae 


50.0  <0.1  2.0 


N«b«r  of  etc 
brained  at  am 


tacha  esaained: 

icha  with  food: 


Cruet ecee 
Decap ode 

Lvaaata  wurde 


Chordata 

Piacee 

Unde te rained 


3.45  Aatroacopua  y-graecuai 


Spring 

P  N  V 


F  N  V 


100.0  50.0  89.5 


100.0  50.0  10.5 


Fall 

F  N  V 


Winter 
K  V 


Ihater  of  at  oHcha  no ln.d : 
liaainte  ttaaicte  with  food: 


*l«ao 

Algo.  A 

■»»■.«  — toclforoi. 
Total  Algao 

Prof  moo 

7oraai.if.ra 

Cr.id.ri. 

Hydroaoa 
got  la  froalll. 

tet-tti  coralclaa 
tadpadtloa  op. 
Waioolog  dr.yaa.tm 

Mpla 

oKlla  ficktaai 


Spring 

r  m 

V 

30.0  0.6 

0.9 

10.0  0.2 

2.4 

30.0  0.« 

3.3 

3.46  Hypl eurochi lu a  erainetua 


F  N 


Fall 

F  N  V 


48.0 

s.o 

5.3 

8.0 

1.3 

0.3 

4.0 

0.7 

0.1 

4.0 

0.7 

0.2 

4.0 

0.7 

1.0 

20.0 

3.6 

6.1 

16.0 

2.7 

5.1 

14.3  2.9  1.1 


8.0  0.8  14.6 


Hyplmochilm  jsminatue  -  continued : 


Spring 

St 

Met 

r.11 

Ulnter 

list 

P 

N 

V 

P 

N 

V 

P 

M 

V 

r 

N 

T 

Ob*li.  isnieulata 

40.0 

0.8 

6.4 

56.0 

5.5 

22.9 

78.6 

15.9 

45.0 

Sertularia  diitani 

20.0 

0.4 

0.2 

8.0 

1.3 

1.9 

4.0 

0.4 

2.6 

Undetermined  Biduaac 

32.0 

10.9 

8.5 

Undetermined 

24.0 

4.0 

28.7 

Total  Hydros oa 

40.0 

1.2 

6.6 

80.0 

22.8 

47.6 

76.0 

17.6 

48.6 

78.6 

15.9 

45.0 

Annelida 

Polycbaeta 

Arabella  tricolor 

4.0 

0.4 

1.0 

Rydroidea  dianthue 

30.0 

1.6 

1.8 

4.0 

0.7 

0.1 

12.0 

1.6 

5.3 

Nereis  ep. 

10.0 

0.2 

0.6 

Sabellaria  vulgaris 

30.0 

1.2 

2.1 

8.0 

1.3 

0.5 

14.3 

5.8 

4.4 

Total  Polychaeta 

50.0 

3.0 

4.5 

12.0 

2.0 

0.6 

12.0 

1.9 

6.3 

14.3 

5.8 

4.4 

Mollueca 

Gastropoda 

Astyris  lunate 

4.0 

0.4 

0.2 

Pelecypoda 

Brachidontes  exustus 

20.0 

0.4 

0.6 

56.0 

32.2 

8.3 

52.0 

16.0 

12.4 

14.3 

2.9 

4.9 

Donas  vsrisbilis 

10.0 

0.4 

0.1 

Hu  sc ulus  lateralis 

10.0 

0.4 

1.5 

Petrie ola  pholsdiforais 

7.1 

1.4 

0.5 

Total  Pelecypoda 

30.0 

1.2 

2.2 

56.0 

32.2 

8.3 

52.0 

16.0 

12.4 

21.4 

4.3 

5.5 

Chelieerata 

Pycnogonids 

Anoplodactylus  insignia 

4.0 

0.4 

2.2 

Crustacea 

Copepoda 

10.0 

0.2 

0.1 

28.6 

14.5 

2.2 

Ostracoda 

7.1 

1.4 

0.5 

Cumacea 

4.0 

0.4 

0.2 

Cirripedia 

Cypris  larvae 

12.0 

1.2 

0.5 

Undetermined 

20.0 

1.2 

0.9 

16.0 

26.6 

6.3 

14.3 

4.3 

3.3 

Iaopoda 

Erichsonella  filiforais 

8.0 

0.8 

0.3 

Jaeropsis  coral icole 

8.0 

1.3 

0.2 

Paradella  qusdr ipunctata 

4.0 

15.4 

4.4 

20.0 

11.3 

8.0 

28.6 

21.7 

13.2 

Sphaeroma  quad  r  idem  at  ua 

4.0 

1.3 

2.2 

Undetermined 

4.0 

0.4 

0.3 

Total  Iaopoda 

12.0 

18.1 

6.9 

32.0 

12.5 

8.7 

28.6 

21.7 

13.2 

Amphipoda 

Ampitboe  valida 

10.0 

0.2 

0.1 

C.pr.11.  aquilibra 

50.0 

2.8 

2.3 

8.0 

1.9 

1.9 

7.1 

1.4 

1.1 

Cap r  el  la  penantis 

80.0 

62.2 

56.1 

Corophium  acberueictai 

10.0 

0.2 

0.1 

Corophium  lacustre 

10.0 

0.2 

0.1 

7.1 

1.4 

0.5 

Corophium  sp. 

4.0 

0.7 

0.1 

155 


Hypleurochllua  fimtm  -  continued 

tlSL 

Erlchthoniua  bmilitruli  21 

j—>rop«ii  ip.  3i 

J— —  f»U>U  9< 

Lem boa~w«bate  ri  1 

Stenothoe  f  orgiana  7i 

Undetermined 

Tot  el  Aaphipode  9i 

Decepode 

Reptantia  undetermined 
B  170x0a 

Aeverillia  aetigera 
Anguinalla  palmate  11 

Bugula  neritina  li 

Criaia  ap.  2< 

Thalamoporella  gothic a 
Total  Bryosoe  3i 

Chordata 

Aecidiacea 

Didemmm  condidja 
Diataplia  bermudenaia 
Eudiatoma  carol inenae 
Total  Aecidiacea 


Spring 

Su 

maer 

mi 

F 

N 

V 

F 

N 

V 

F 

N 

V 

20.0 

1.2 

0.6 

36.0 

16.0 

8.4 

30.0 

2.2 

1.5 

4.0 

0.4 

0.2 

90.0 

18.2 

17.9 

6.0 

1.3 

0.1 

12.0 

2.3 

1.3 

10.0 

0.8 

0.5 

70.0 

3.6 

2.2 

8.0 

1.3 

0.1 

90.0 

91.6 

81.4 

16.0 

3.4 

0.3 

46.0 

20.7 

11.8 

8.0 

1.3 

1.4 

10.0 

0.2 

0.2 

12.0 

2.0 

3.9 

10.0 

0.2 

0.4 

12.0 

2.0 

0.4 

20.0 

0.4 

0.2 

24.0 

4.0 

5.6 

30.0 

0.8 

0.8 

28.0 

9.4 

11.4 

4.0  0.4  0.6 
4.0  0.4  0.6 


F 

N 

'  v‘ 

14.3 

2.9 

2.7 

7.1 

1.4 

0.5 

28.6 

7.2 

4.9 

7.1 

1.4 

1.1 

28.6 

5.8 

5.5 

35.7 

7.2 

3.8 

64.3 

13.0 

9.3 

32.0 

5.4 

6.9 

8.0 

1.9 

2.2 

7.1 

7.2 

9.3 

90.0 

6.7 

17.3 

56.0 

12.1 

24.3 

8.0 

1.9 

2.2 

7.1 

7.2 

9.3 

Number  of  atomacha  examined: 
Examined  atomacha  with  food: 


V 


M 


a 

?i 


Hypaoblennius  hwtii  -  continued: 

Prey 

jjtrtjj  eucciwea 
Sabellaria  wdjflrU 
Undetermined 
Total  Folychaeta 

Mollueca 

Pelecypoda 

Brachidontea  wufltui 
Undetermined 

Crustacea 

Ostracoda 

Cirripedia 

Cypria  larvae 
Undetermined 

Iaopoda 

Krlchaowella  f iliformia 
Pmrmcerceia  caudate 
Parade! la  quadr i punctata 
Total  Iaopoda 

Amphipoda 

Caprel la  equilibra 
Cap rails  penantia 
Caprel l idee  undetermined 
Cerapua  tubule ria 
Corophium  lacuatre 
Brichthonlua  braailienaia 
CaMaropsia  ap. 

Jaaaa  falcate 
Stenothoe  teoraiana 
Undetermined 
Total  Amphipoda 

Decapods 

Xanthidae  undetermined 
Bryosoa 

Buaula  neritina 

Chords t a 
Aaci diaces 

Diataplia  be  mu  dene  is 


Number  of  atomacha  examined: 
Earn in ed  atomacha  mith  food: 


Spring 

Summer 

Fall 

Winter 

F 

N 

V 

F 

N 

V 

F 

N 

V 

F 

N 

V 

10.0 

0.7 

1.4 

12.5 

2.9 

2.2 

50.0 

3.6 

3.5 

37.5 

11.4 

37.8 

50.0 

16.7 

10.0 

12.5 

2.9 

0.7 

70.0 

16.8 

12.5 

62.5 

20.0 

52.6 

4.0 

0.2 

0.4 

50.0 

16.7 

10.0 

10.0 

0.7 

0.7 

24.0 

2.7 

2.3 

10. 0 

1.5 

0.7 

4.0 

0.2 

0.1 

70.0 

28.5 

30.6 

25.0 

57.1 

37.0 

68.0 

48.8 

36.6 

10.0 

0.7 

0.7 

25.0 

8.6 

2.2 

8.0 

0.5 

0.9 

20.0 

2.9 

6.2 

40.0 

3.9 

8.8 

50.0 

66.7 

80.0 

20.0 

3.6 

6.9 

25.0 

8.6 

2.2 

40.0 

4.4 

9.7 

50.0 

66.7 

80.0 

30.0 

9.5 

8.3 

32.0 

4.4 

5.0 

30.0 

6.6 

10.4 

12.5 

2.9 

0.7 

48.0 

19.9 

23.6 

20.0 

1.4 

1.1 

20.0 

8.0 

7.6 

30.0 

2.2 

2.1 

36.0 

5.3 

4.7 

40.0 

5.1 

5.5 

12.0 

0.9 

0.6 

70.0 

10.2 

9.0 

28.0 

5.0 

3.9 

30.0 

6.6 

4.9 

12.5 

2.9 

0.7 

28.0 

2.3 

1.5 

90.0 

68.2 

47.9 

12.5 

5.7 

1.5 

72.0 

39.2 

60.5 

6.0 

0.2 

0.2 

100. 0 

0.2 

0.7 

20.0 

1.1 

1.9 

12.0 

1.6 

2.6 

10 

9 

25 

2 

10 

8 

25 

2 

Spring 

r  N 


3.48  CoMongn  alnabural 


r  m  v 


Hlnttr 

P  M  * 


Proton on 

foraaiai/ara 

Caidari. 

My Iron on 

04.1 i a  analcalata 

Ann. lid. 

Polycbnata 
Mrotlw  tort;; 
fbnllnrln  rulanria 
Halntnniand 
Total  Polychantn 

Mol lanes 
PnlacypoSn 

•rnchidontnn  nxuntun 


4.0  1.1  l.S 


Oadntnminnn 
Total  falscppoda 

Cruatocon 
Copay odo 
Ontr.coda 

Cirrlpndia 
Cypria  lnrvan 
Undet.  rained 


■rlcfcnoonlln  tlUtornla 
Idotniia.  und.t. rained 
Parson renin  caudate 
Parndnl ln~aundr lpunc tats 

Dndnt srninod 

Total  laopodn 

dupblpoda 

It bon  aalldn 

nnullibm 
ponnnt  in 
ubulnrln 
nehnranlcf 


8.3  2.7  2.3 

8.3  2.7  2.3 

8.3  2.7  4.3 


8.3  2.7  2.3 
14.7  5.4  4.8 


23.0  14.2  20.4 


(TTH-Tr 


14.0  7.3  13.2 
4.0  1.1  2.9 
20.0  8.3  14.2 


14.0  4.4  7.3 


14.0  5.4  7.3 

32.0  11.7  14.7 


24.0  30.3  23.5 

8.0  3.2  2.9 


4.0  1.1  1.5 


4.0  1.1  1.5 
4.0  1.1  1.5 


8.0  3.2  4.4 
14.0  5.3  7.3 


4.0  1.1  1.3 


4.0  1.1  2.9 
4.0  1.1  2.9 


4.0 

1.2 

1.3 

4.0 

0.9 

1.9 

4.0 

0.9 

1.9 

28.0 

8.2 

18.7 

0.0 

1.7 

3.9 

28.0 

8.2 

18.7 

48.0 

31.3 

31.1 

4.0 

1.2 

2.7 

4.0  1.7  1.9 

4.0  0.9  1.0 

4.0  1.2  1.3 

8.0  2.4  1.9 

48.0 

34.5 

35.9 

0.0 

2.3 

3.9 

14.0 

5.2 

3.9 

16.0 

29.4 

4.7 

24.0 

17.4 

7.8 

4.0 

0.9 

1.0 

14.0 

3.5 

3.9 

28.0 

9.4 

9.3 

4.0 

1.2 

1.3 

14.0 

5.2 

5.8 

20.0 

5.9 

9.3 

28.0 

8.7 

9.7 

40.0 

14.5 

19.7 

4.0 

0.9 

2.9 

4.0 

0.9 

1.0 

0.0 

7.1 

2.7 

4.0 

5.2 

7.8 

4.0 

1.7 

2.9 

4.0 

1.2 

1.3 

4.0 

0.9 

1.0 

4.0 

1.2 

1.3 

m 

m 


& 


Vy, 

[.■is 

m 

P*A «' 


Faracapralla  tanuia 


3 1  wot  ho*  atortim 
Undata  rain ad 
Total  Anphipoda 

Decapod* 

Fontonia  do— tlca 
Rapt ant ia  saga  lope 
Rapt  antis  undittnintd 
Total  Decapods 

Undatarainad  Crustacea 

Bryosoa 

Aaauinalla  palaata 


Nuabar  of  ataaacha  asaained: 
Eiainad  atoaacha  with  food: 


2. 

2. 

8.3  8.1  6.8 

25.0  10.8  9.1 

100.0  89.2  88.6 


8.0 

5.4 

5.9 

28.0 

14.9 

25.0 

8.0 

1.1 

1.5 

4.0 

1.1 

1.5 

4.0 

1.1 

2.9 

12.0 

3.2 

5.9 

4.0 

1.1 

1.5 

60.0  29.6  37.8 


12.0  3.5  4.0 

76.0  47.3  50.0 


3.49  Scoabaronorua  c aval  la 


Sprint 

F  N  V 


Chordata 

Fiacas 

Anchoa  hapaatua 


Nuabar  of  ataaachs  asaainad: 
Eaaaiaad  atoaacha  with  food: 


V  M  V 


100.0  100.0  100.0 


ft 

& 


% 


(5 


acul.tu. 


Isa. 

Ckerltti 

PilCM 

Aacbo.  tmm tu« 
Chloro.c<mbru.  chry.uni. 

Ihim  SirtiBici 

Opi.thoo 


Total  Pi.c.a 


^tint 


Tall 


r 

N 

V 

F 

M 

V 

4.0 

3.3 

2.5 

50.0 

23.3 

35.6 

6.0 

10.0 

3.6 

50.0 

66.7 

64.4 

92.0 

86.7 

93.7 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Winter 


Number  of  atonache  examined: 

Examined  atomachs  with  food: 

1 

0 

2S 

25 

2 

2 

Spring 

3.51 

Peprilue  alepidotue 

Pall 

Winrer 

ZSSL 

F 

N 

V 

r  n  v 

— 

N  V 

F  N  V 

Mollusc. 

Gastropoda  undetermined 

11.1 

10.0 

16.7 

Chordata 

Pisces  undetermined 

100.0 

90.0 

83.3 

Number  of  atomachs  examined: 

28 

i 

2 

Examined  atomachs  with  food: 

9 

0 

0 

3.52 

Farelichthvs  dentatus 

Sprin« 

_ _ 

Fall 

Winter 

*XSL 

F 

N 

"v 

F  N  V 

— 

N  V 

F  N  V 

Cru.tac.a 

Myaidaca. 

Nrcmvtim  tmeric»n» 

10.0 

96.? 

66.7 

Decapods 

Ovalipee  oeellatuc 

loo.o 

1.6 

33.3 

Hunter  of  stomachs  examined: 
Examined  stomachs  with  food: 


3.53  Fwriichthya  Itthoitiga 


Spring 

Summer 

Fall 

Winter 

Ha 

Chordata 

Piacaa 

Hanticirrhus  sp. 

F  N  V 

F  N  V 

F  N  V 

100.0  100.0  100.0 

F  N  V 

Number  of  atoaacha  examined: 

3 

2 

3 

1 

Ez main ad  atoaacha  with  food: 

0 

0 

1 

0 

IlSL 

Molluscs 

Gastropoda 

Epitoniua  sp, 

Palacypoda 

Brachidontes  ezustus 
TtUiM  sp. 

Total  Palacypoda 

Crustacaa 

Isopoda 

Paradclla  guadr ipunctata 
Aaphipoda 

Cap rails  equi libra 
Carapus  tubular is 
Jaasa  falcate 
Halits  appandiculata 
St atiot hoe  aeorgiana 
Total  Aaphipoda 

Chordata 

Ascidiacea 

Diatapl is  bermudenci* 


3.54  Monacan thus  hispidus 


Spring 

F  N  V 


Suawr 

F  N  V 


Fall 

Winter 

F 

N 

V 

F  N 

100.0 

1.0 

0.7 

100.0 

1.9 

1.4 

100.0 

1.0 

2.0 

100.0 

2.9 

3.4 

100.0 

1.9 

1.0 

100.0 

so.o 

52.2 

100.0 

1.9 

1.0 

100.0 

7.8 

2.7 

100.0 

11.7 

4.1 

100.0 

21.6 

7.5 

100.0 

93.1 

67.6 

100.0 

1.0 

27.3 

Nuaber  of  atoaacha  examined: 
Examined  atoaacha  with  food: 


1 

1 


i 

j 


3.55  Sohooroidoo  —  culatui 


Spring 

Summt 

Ml 

Uintor 

2 £tt 

r  N  V 

r  m  V 

F 

N 

V 

F  N 

Hollow. 

rolwypod. 

■tachidont*.  aiittua 

100.0 

95.1 

96.0 

CtUHMN 

CirripWl. 

100.0 

3.3 

0.2 

Dwapoda 

Inrnu  op. 

MptMtia  undot ominod 

100.0  100.0  100. 0 

100.0 

1.6 

3.0 

Nuabtr  of  stouchs  txaintd: 
Euaintd  itcMchi  with  food: 


1 

1 


1 

1 


Appendix  4.  Number  and  weight  (kg)  of  species  captured  in  blue  crab 

traps  around  the  north  jetty  rocks.  Each  set  represents  15 
traps  set  for  12-hr  periods. 
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